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List of Abbreviations
ADR

Adverse Drug Reaction

ANDA 	Abbreviated New Drug
Application

INN 	International Non-proprietary
Name
NBCD

Non-Biologic Complex Drug
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Vigilância Sanitária

NCE

New Chemical Entity
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New Drug Application

API 	Active Pharmaceutical
Ingredient

NGO 	Non-Governmental
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Bioavailability
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CMC 	Chemistry, Manufacturing &
Controls
COFEPRIS 	Comisión Federal para la
Protección contra Riesgos
Sanitarios
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Drug Regulatory Agency
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European Medicines Agency

EU

European Union

FDA 	Food & Drug Administration
GAO 	Government Accountability
Office

NTI

Narrow Therapeutic Index

PMDA 	Pharmaceuticals and
Medical Devices Agency
QbR

Question-based Review

R&D

Research & Development

RLD

Reference Listed Drug

TGA 	Therapeutic Goods
Administration
US

United States

USP

United States Pharmacopeia

WHO

World Health Organization

ICH 	International Council for
Harmonisation of Technical
Requirements for
Pharmaceuticals for Human Use
Definitions and Methodological Note
Narrow Therapeutic Index (NTI) drugs / Critical Dose drugs: Narrow Therapeutic Index drugs, also
referred to as Critical Dose drugs, are characterized by a steep dose-response relationship, which means
that there is a short therapeutic dosing range between sub-therapeutic and toxic doses. This means that
improper dosing, even by small amount, can lead to serious ADRs and even toxicity. For example, the
chemotherapy drug 5-flourouracil, the anticoagulant drug Warfarin, and the immunosuppressant drug
Cyclosporine are all drugs with a narrow therapeutic index.
Non-Biologic Complex Drugs (NBCDs): Non-Biological Complex Drugs are chemical-based drugs
whose Active Pharmaceutical Ingredient is composed of a complex structure of different yet closelyrelated nano-particles, as opposed to a small, homo-molecular structure. For example, the Multiple
Sclerosis drug Glatiramer Acetate, the Anemia drug Iron Sucrose and Liposome-based drugs for treating
breast and ovarian cancers are all considered as Non-Biological Complex Drugs.
Methodological Note: Throughout the report the terms “generic product” and “follow-on product” are
used interchangeably, and refer only to chemical-based drugs, unless where stated otherwise.

5

SECTION

6

Generic drugs appraisal and approval: departing from the ‘one-size-fits-all’ approach

Executive Summary
Generic medicines – follow-on versions of off-patent innovative medicines – are
designed to be interchangeable to the innovative reference product. As more
sophisticated and complex medicines are developed, securing the safe and
effective use of their follow-on products becomes increasingly challenging.
Traditionally, DRAs in most developed and
developing countries rely on innovative drugs’
proven safety and efficacy when approving a
follow-on product, which consists of the same
dose and formulation of the reference drug’s API.
In this sense, generic drugs are not required to
be exact copies of their reference products and
they may differ in their composition in terms of the
excipients used, release mechanism, and other
aspects such as shape and color.
Over the last few years, there is a growing
recognition of the inadequacy of this ‘one-sizefits-all’ approach in generic drugs approval. A
growing body of scientific literature highlights the
gaps and challenges within the regulatory process,
posed by various types of drugs such as drugs with
a NTI or drugs with complex molecular structure
known as NBCDs. Indeed, research suggests that
even small and seemingly insignificant changes
to the determinants of follow-on versions of a NTI
drug or an NBCDs can significantly affect these
products’ clinical outcomes and safe use, resulting
in undesirable clinical outcomes, such as weakened
efficacy, an increase in ADRs, and even toxicity.
Nevertheless, despite this growing recognition
follow-on versions of NTI drugs and NBCDs
continue to receive market approval under the
conventional pathway for generic drugs in many
countries.

Purpose and key findings
This report zeroes in on the existing gaps and
challenges within the ‘one-size-fits-all’ model
of generic drugs approval vis-à-vis NTI drugs
and NBCDs, with the purpose of identifying the
discrepancies between the state of the scientific
drug regulatory literature and recommendations
and actual practice within leading and developing
DRAs.

It examines current drug regulations in seven DRAs
from both developed and emerging markets.
The report’s findings can be grouped along three
key findings:
Key finding 1: NTI drugs and NBCDs necessitate a
more rigorous regulatory approach
A growing body of scientific evidence now clearly
indicates that the conventional, ‘one-size-fits-all’
approach in the regulatory approval of generic
drugs is technically inadequate for ensuring the
safe and effective use of follow-on versions to the
reference product, especially with regards to NTIs
and NBCDs.
With respect to NTI drugs, evidence suggests that
small, seemingly insignificant changes to the drug’s
formulation, compound or excipients, undetected
or unaccounted for by the current regulatory
approval model, may, and indeed already have
resulted in poorer efficacy and a wide range of
adverse reactions, toxicity and unwarranted clinical
outcomes. These concerns are compounded by
the practice of generic substitution which exists
in many countries today, yet often fails to address
the health and safety challenges posed by generic
versions of NTI drugs.
With respect to NBCDs, experts from across the
board agree that the current analytical methods
which are utilized for the appraisal of follow-on
versions are incapable of full characterization
of complex drugs and therefore cannot safely
establish equivalence and interchangeability
between an innovative complex drug and its
follow-on versions. Thus, follow-on versions of
complex drugs can only be deemed as ‘similar’ and
not equivalent.
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To ensure that generic versions of NTI drugs and
NBCDs maintain the same safety, quality and
efficacy properties of the reference product,
scientific recommendations include the following:
NTI drugs
• A narrower range of 90-111% for determining
bioequivalence, instead of the general 80-125%;
• Stricter bioequivalence trial design which ensures
that the difference between the reference and
follow-on products are negligible under the
acceptable statistical validity;
• Maintaining a list of NTI drugs;
• Permit generic substitution of NTI drugs only
under the conditions of switching in a highlycontrolled manner, and with appropriate
therapeutic monitoring for adverse drug
reactions and toxicity.

8

NBCDs
• Follow-on versions of non-biological complex
drugs should be appraised under the stepwise
approach of the biosimilars pathway, where
the follow-on product is developed through an
iterative development to fit the process as similar
as possible to that of the reference product,
and its similarity is determined using a ‘totality
of evidence’ which involves the state-of-the-art
analytical methods as well as clinical studies;
• The follow-on version’s interchangeability may
only be established throughout the product’s
life-cycle, due to the sensitivity of the production
process. As a result, generic substitution is
discouraged or not recommended without the
monitoring of a healthcare professional.
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Key finding 2: DRAs have been slow in addressing
the challenges posed by NTI drugs and NBCDs
and patients potentially remain at risk
This report’s mapping of the current practices for
generic drug approvals for NTI drugs and NBCDs
in seven developed and developing markets
confirms that the ‘one-size-fits-all’ approach suffers
from substantial gaps with respect to the current
state of the scientific literature. Indeed, among the
seven examined drug regulators (which include
both stringent as well as developing DRAs) none
has implemented in full (or even in part, in some
cases) the recommended standards and practices
for approving follow-on versions of NTI drugs and
NBCDs.
For NTIs there has been some positive movement
with five of the seven DRAs mapped introducing
narrower bioequivalence bands of 90-112% for
NTIs. Yet significant gaps still remain.
Conversely, for NBCDs no DRA has changed
regulatory requirements and procedures for
these follow-on products.
Interestingly, where these gaps and challenges
are most striking is within the most stringent and
advanced DRAs, namely the FDA and the EMA.
In the US NTI drugs still lack a formal definition, a
federal-level list, and, most importantly, a narrower
range of bioequivalence. While some generic
versions of NTI drugs may and have been asked
to undergo a stricter bioequivalence trial, this is
determined only on a case-by-case basis. The
Generic Complex Drugs Safety and Effectiveness
for Patients Act was introduced to the US
Congress in March 2015. The bill would require the
Government Accountability Office to assess the
FDA’s ability to adequately appraise and evaluate
follow-on versions of NBCDs. The bill also asks the
Office to assess whether the biosimilars approval
pathway (section 505(j) of the FD&C Act) would be
a more appropriate mechanism for the regulatory
approval of follow-on versions of NBCDs. While this
proposed legislation is being debated the FDA has
allocated funds for research into the equivalence
of follow-on versions of NBCDs that are already
marketed, and to which compendial monographs
are still in development.

In the EU, generic drugs manufacturers are
increasingly using the decentralized procedures
for approving their products. Thus, while the EMA
itself maintain stricter requirements for approval of
follow-on versions of NTI drugs and NBCDs, followon products can be authorized for marketing in
one Member State with less-strict regulations, and
gain access to the entire EU market via the mutual
recognition procedure.
Key finding 3: Regulatory convergence is taking
place – Next step should include NTIs and NBCDs
The regulatory approval process for generic
drugs – which includes standards governing
bioequivalence and labeling to manufacturing
and dispensation – is in most major respects
converging. Since the mid-1980s and passage
of the Hatch-Waxman Act in the US, most major
DRAs have introduced similar pathways for
follow-on products. Generic drugs are required
to provide bioequivalence data that underpin
the assumptions about pharmaceutical and
therapeutic equivalence between reference and
follow-on product and their safe and effective use.
As mentioned, five of the seven DRAs examined
in this report have taken partial measures
strengthening regulatory requirements for NTIs.
The WHO and other international institutions are
also working on improving best practices for the
approval of generic follow-on products. Once a
growing body of DRAs introduce reforms to both
the approval process for NTIs and NBCDs there
is a good chance this can become an established
international best practice and regulatory
convergence is more likely to take place.
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Introduction
Generic medicines – follow-on versions of off-patent innovative medicines – are
designed to be interchangeable to the innovative reference product. As more
sophisticated and complex medicines are developed, securing the safe and effective
use of their follow-on products becomes increasingly challenging.
Traditionally, DRAs in most developed and
developing countries rely on innovative drugs’
proven safety and efficacy when approving a followon product, which consists of the same dose and
formulation of the reference drug’s API. In this sense,
generic drugs are not required to be exact copies of
their reference products, and they may differ in their
composition in terms of the excipients used, release
mechanism, and other aspects such as shape and
color.

The issue
Over the last few years, there is a growing
recognition of the inadequacy of this ‘one-size-fitsall’ approach in generic drugs approval. A growing
body of scientific literature highlights the gaps
and challenges within the established regulatory
approval process, posed by various types of drugs
such as drugs with a NTI or drugs with complex
molecular structure known as NBCDs. Indeed,
research suggests that even small and seemingly
insignificant changes to the determinants of followon versions of a NTI drug or NBCDs can significantly
affect these products’ clinical outcomes and safe
use, resulting in undesirable clinical outcomes,
such as weakened efficacy, an increase in ADRs,
and even toxicity.1 As this study highlights there is a
growing body of evidence questioning generic drug
candidate’s equivalence to the reference product
for NTIs and NBCDs and potential health and safety
risks these products pose.
In this light, stringent DRAs and international
institutions including the WHO and the ICH have
invested increasing efforts into addressing the
gaps in the regulatory framework of generic drugs
approval and securing the safe use of generic drugs
by harmonizing best practices and ensuring they
are taken at both the national and international
level. The EMA has been given the lead role in the
WHO’s International Generic Drug Regulators Pilot
program; a global project aimed at converging the
best practices for generic drug approval in order
to construct an international network which would

enable DRAs to share information on the appraisal
of generic medicines.2
Nevertheless, despite this growing recognition and
efforts at individual DRAs (discussed in more detail
below) follow-on versions of NTI drugs and NBCDs
continue to receive market authorization under the
conventional pathway for generic drugs in many
countries.
This report zeroes in on these existing gaps and
challenges within the ‘one-size-fits-all’ model
of generic drugs approval vis-à-vis NTI drugs
and NBCDs, with the purpose of identifying the
discrepancies between the state of the scientific
drug regulatory literature and recommendations and
actual practice within leading and developing DRAs.
The report consists of three sections:
Section 1 provides a broad and detailed discussion
of the approval process for generic drugs and
identifies the gaps and challenges posed by the
market entry of follow-on products for NTI drugs
and NBCDs. The section reviews the current
scientific research and thinking on the ‘one-size-fitsall’ model for generic drug approval, and examines
the specific recommendations for changing the
appraisal of follow-on versions of NTI drugs and
NBCDs. What are the risks with the current “onesize-fits-all” model for approving follow-on products
and how can DRAs around the world improve
existing regulations?
Section 2 provides a comparison of the regulatory
pathways for approval of generic drugs in seven
developed and developing countries focusing on
the regulatory standards in place for NTI drugs and
NBCDs.
Section 3 offers an overview of the key findings of
the report and concluding thoughts on what can
be done to secure the integrity of generic drugs
and ensure their safe and effective use by patients
around the world.
11
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1

Ensuring Safety, Quality and Efficacy in
the Generic Drug Approval Process
How are generic follow-on products approved or market? And how does the
approval process for generic drugs differ from innovative, reference products?
1.1 Framing the context – the generic
approval process
To be approved for market innovative medicinal
products must undergo rigorous testing and
provide substantial proof of their safety, quality
and efficacy – the three ‘essential pillars’ of the
regulatory approval process.3 The safety and
efficacy of the drug candidate is demonstrated in
pre-clinical and clinical trials data, which is reviewed
by regulatory authorities prior to market approval.
Although review standards can vary across the
world with the most stringent drug authorities
using high-level harmonized standards, such as
those set by the ICH, the basic R&D process for
developing biopharmaceuticals remains similar
regardless of where in the world a product is being
developed.4 Figure 1 details the biopharmaceutical
R&D process.
As Figure 1 illustrates, drug development is not
easy and is a long cumbersome process often
taking a decade or more to complete. Figure
1 shows the R&D process for developing new,
innovative medicines. Generic drugs, however,
are not required to undergo a similar process.
Instead, in most countries the review process is
abbreviated and a generic follow-on product can
rely on the previously submitted safety and efficacy
data by an already approved reference product.
This is frequently referred to as an abbreviated
approval pathway. Because of the existence of
pre-existing safety and efficacy information the
approval process is made shorter, abbreviated, for
follow-on products. This saves time and money and
ensures that patients and consumers of medication
are able to gain quick access to cheaper generic
products as soon as any form of market exclusivity
(such as that conferred by patent protection or
regulatory data protection) expires. In this sense,
it is instructive to look at the procedures and

requirements in place in the largest and most
advanced biopharmaceutical market in the world,
the US.
Since the enactment of the Drug Price Competition
and Patent Term Restoration Act of 1984 (HatchWaxman Act), generic drug manufacturers in the
US have been allowed to submit so called ANDAs
for marketing approval of follow-on products. The
ANDA pathway is a designated regulatory pathway
for generic drugs approval which is significantly
condensed compared to the approval process for
innovative drugs. Similar pathways are in place
within the majority of DRAs around the globe.
Important exceptions exist in some countries,
particularly in Latin America, where a third type
of product is on the market, so-called similares.
As will be discussed below these products are in
essence copies of branded, reference products
that do not need to undergo the same type of
bioequivalence or bioavailability testing that a
generic follow-on product does. While they are
still prevalent, many Latin American countries have
over the last fifteen years introduced regulatory
reforms that would in effect remove these
products from the market, requiring that all followon products on the market be bioequivalent to a
reference product.
The primary requirement for an ANDA is that the
generic drug candidate demonstrates proof of
bioequivalence to the innovative “Reference Listed
Drug” or ‘reference product’. Figure 2 outlines
the requirements within the approval process
comparing an ANDA application with a NDA
application.
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Figure 1 The biopharmaceutical R&D process
Research and discovery
Scientists attempt to isolate new chemical or biological entities using advanced screening and synthesising
techniques.
Pre-clinical development
Initial safety tests and assessment studies, such as toxicology, are performed on animals.
Clinical development
Phase I	Initial phase tests a drug candidate in 20-100 healthy volunteers to assess how the body processes
it and what side effects manifest themselves. A drug must show a minimum level of safety in order
to move to the next phase of studies.
Phase II	Examines a drug candidate’s effectiveness in treating a targeted disease relative to other existing
drugs or to a placebo. It explores whether the candidate acts against the disease and if it causes
any adverse reactions in patients, and how this measures up to existing treatments. Studies involve
100 to 500 volunteers, all of whom experience the targeted disease or condition.
Phase III	If the candidate is proven safe and effective in the first two phases, the study is shifted to a far
larger scale, from 1,000 to 5,000 subjects. Studies test the safety and effectiveness of the drug
candidate in different populations and conditions. This phase generates a large amount of data on
the candidate in order to understand as clearly as possible the safety risks associated with the drug
and to identify the right dosage and mode of use. Due to the scale of operations, Phase 3 studies
are the most costly and time-consuming trials.
Registration
Results of pre-clinical and clinical studies and proof of meeting international standards are submitted to drug
regulatory authorities for their review.
Post-marketing study
Biopharmaceutical companies must submit a plan for on-going monitoring and study of the drug as part of its
approval for marketing. These studies are intended to safeguard larger scale use of the drug by monitoring
any adverse effects that become evident as well as identifying what appears to be the most appropriate and
effective manner of use. Post marketing studies typically provide the largest amount of evidence on a drug
relative to data gathered in earlier phases.
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Figure 2 Comparing FDA approval process requirements for NDAs and ANDAs

NDA Requirements
(Brand)

ANDA Requirements
(Generic)

1. Chemistry

1. Chemistry

2. Manufacturing

2. Manufacturing

3. Control

3. Control

4. Labeling

4. Labeling

5. Testing

5. Testing

Pharmaceutical
Equivalence
Therapeutic
Equivalence

6. Animal Studies
7. Clinical Studies

6. Bioquivalence

8. Biovailability

ANDAs are not required to:
• Perform safety and efficacy studies
• Use the same excipients
• Maintain the same level of post-marketing surveillance
Source: Johnston, A. (2013), Martin, C. (2011)

As depicted above in Figure 2, the approval
process for generic drug candidates consists of
two levels.

As a result, to receive market approval by the
FDA generic drugs are not required to be exact
copies of their reference products.

First, generic drug candidates must exhibit
pharmaceutical equivalence to their reference
product, which means that they must “contain the
same active ingredient(s), are of the same dosage
form, route of administration and are identical
in strength or concentration”, according to the
FDA’s definition.5 Pharmaceutical equivalence
is determined through meeting compendial
standards and having the same labeling standards.

Indeed, according to the FDA, generic drugs “may
differ in characteristics such as shape, scoring
configuration, release mechanisms, packaging,
excipients (including colors, flavors, preservatives),
expiration time, and, within certain limits,
labeling”.7

Second, generic drug candidates must
demonstrate surrogate therapeutic equivalence,
which requires that the generic drug candidate
undergo bioequivalence studies. These studies
provide the FDA with proof that the generic drug
candidate “can be expected to have the same
clinical effect and safety profile when administered
to patients under the conditions specified in the
labeling”.6

What is bioequivalence?
Bioequivalence can be regarded as a similarity
assessment test of a generic drug to its reference
product.8 It is a fundamental component of
the generic approval process and used to
provide proof of a generic follow-on product’s
interchangeability with a reference product.
In BE trials, the bioavailability – the rate and extent
of a product’s active ingredient absorption within
the bloodstream – of the generic drug candidate

15

1 Ensuring Safety, Quality and Efficacy in the Generic Drug Approval Process

and of the reference product is measured by a
set of predefined parameters within a small-scale
randomized clinical trial of usually 12-50 healthy
volunteers.9 (There are exceptional cases where
equivalence can be sufficiently demonstrated
within laboratory conditions, known as in vitro
studies, and there is no need for a clinical trial on
human subjects.10)
Bioequivalence between a generic drug candidate
and its reference product is demonstrated
when, according to the FDA: “the rate and
extent of absorption of the test drug do not
show a significant difference from the rate and
extent of absorption of the reference drug when
administered at the same molar dose of the
therapeutic ingredient under similar experimental
conditions”.11
Within most DRAs (including stringent ones such
as FDA and EMA) this “significant difference” is
only evident in cases where the bioavailability of
the generic drug candidate differs from that of the
reference product by more than 20%.
This means that a generic drug candidate
is typically considered bioequivalent to the
reference product if its absorption rate within
the bloodstream is within the similarity limits of
80%-125% to that of the reference product. In
other words, one follow-on product can have
an absorption rate of 81% and another can have
an absorption rate of 124% compared to the
reference product yet for all intents and purposes
the products are considered bioequivalent to the
reference product.
It should be noted that there are numerous factors
that can affect a given drug’s bioavailability.
Product-related factors include the physical and
chemical properties of the drug, such as the drug’s
purity, potency and stability, and its uniformity with
respect to color, shape, size, etc.12 These factors are
determined and affected by the manufacturing,
labeling, distribution and dispensation processes.
Impurities within the production lines, inadequate
temperature control during distribution, improper
labeling – all can impact the bioavailability of a
given generic product.13 Patient-related factors,
such as concurrent diseases and medication,
gastrointestinal characteristics (e.g. pH, blood flow
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and bacterial flora) and differences in metabolism
may also affect a drug’s bioavailability.14
Generic drugs regulatory approval – a global
‘one-size-fits-all’ approach?
Since the introduction of the Hatch-Waxman Act
the regulatory appraisal and approval process
of generic drugs has bolstered and improved
greatly not only in the US but also in many other
developed and developing countries. The
evolution of new technologies has also provided
drug regulators with better tools for understanding
the differences in characteristics between a
generic drug candidate and the reference
product.15
Indeed, the strong scientific and statistical basis
for determining bioequivalence has shaped the
underlying rationale of the ANDA process: that
generic products classified as therapeutically
equivalent to the reference product – i.e. both
bioequivalent and pharmaceutical equivalent –
are interchangeable with the full expectation of
producing equivalent clinical outcomes, within the
same safety profile of the reference product.16
While there are still considerable differences
between drug regulators – not least between
stringent regulators and DRAs in many emerging
and developing markets – this basic recognition
or assumption of equivalence has shaped drug
regulations at most of the major pharmaceutical
markets in the world which have in place similar
protocols and requirements as captured in HatchWaxman.
Table 1 on the following page lists some of the
regulatory requirements in generic drug approval
within 14 regulatory authorities across the world.
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TABLE 1 Guidelines for bioequivalence of generic drugs – a comparison of 14 drug regulatory agencies
TGA
(AU)

ANVISA
(BR)

HC
(CA)

SFDA
(CN)

EMA
(EU)

CDSCO
(IN)

MHLW
(JP)

Generic product must be
pharmaceutically equivalent?

✔

✘

✔

✔

✔

✘

✔

A 2-period crossover
BE study design

✔

✔

✔

✔

✔

✔

✔

Is there a requirement for
proportionality between male/
female subjects?

No

Yes

No

Drugspecific

No

Yes

No

Minimum number of volunteers

12

12

12

18-24

12

16

–

>18

18-50

18-55

18-40

>18

>18

>18

✔

✔

✔

✔

✔

✔

✔

80125%

80125%

80125%

80125%

80125%

80125%

80125%

COFE
PRIS
(MX)

HSA
(SG)

KFDA
(KR)

Swiss
medic
(CH)

FDA
(US)

WHO
(UN)

SADC
(ZA)

Generic product must be
pharmaceutically equivalent?

✘

✔

✔

✔

✔

✔

✘

A 2-period crossover
BE study design

✔

✔

✔

✔

✔

✔

✔

Is there a requirement for
proportionality between male/
female subjects?

No

No

No

No

No

No

No

Minimum number of volunteers

24

12

12

12

12

12

12

18-55

18-55

19-55

>18

>18

18-55

18-55

✔

✔

✔

✔

✔

✔

✔

80125%

80125%

80125%

80125%

80125%

80125%

80125%

Acceptable age range
Is there a requirement for fasting
and fed condition
BE studies?
Acceptable BE range for
single-dose studies

Acceptable age range
Is there a requirement for fasting
and fed condition
BE studies?
Acceptable BE range for
single-dose studies

Adapted from: Davit, B. et al, 2013; Kaushal, N. et al, 2016; analysis: Pugatch Consilium
Legend: AU – Australia; BR – Brazil; CA – Canada; CN – China; EU – European Union; IN – India; JP – Japan; MX – Mexico; SG – Singapore; KR – South
Korea; CH – Switzerland; US – United States; UN – United Nations; ZA – South Africa.
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Table 1 clearly shows how, despite minor
differences between them, most major DRAs
adhere to internationally-accepted standards
of determining BE for generic products, thus
maintaining a fairly similar generic drug regulatory
approval process. This model is utilized for followon products of all types of drugs, in a ‘one-size-fitsall’ manner.
Critically, for NTI drugs and NBCDs, no distinct
pathway exists nor internationally accepted
standards or even consensus among DRAs
(stringent or otherwise) regarding the best
methods for ensuring their safety and efficacy.
Instead, as will be shown below in Section 2, DRAs
differ significantly in their approaches to approval
of follow-on products of these types of drugs.
Indeed, few DRAs officially recognize the special
safety requirements that NTIs and NBCDs require
and even fewer have specific protocols of approval
for these types of products.
The next two sub-sections provide a more detailed
discussion of the specific gaps and challenges in
the ‘one-size-fits-all’ approval pathway for followon products both generally and particularly vis-àvis NTIs and NBCDs.

1.2 Challenges necessitating a more
rigorous approval process for generic drugs
While requiring bioequivalence tests to fall within
the limits of 80%-125% has become standard
practice at many DRAs, accumulated evidence
from numerous clinical and pharmacological
studies suggests that in practice, even within these
limits a generic version of a given drug can vary
significantly from other versions of the same drug
as well as from the reference product.13
Generic drift
The primary challenge to the current regulatory
model for treating all follow-on products the same
concerns cases in which the BE range between two
products may actually be larger than the accepted
range of 20%. Since BE limits are set at 80%-125%,
there is significant room for difference between the
reference product and generic product, as well as
between two generic products determined to be
bioequivalent to a reference product.
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To illustrate, consider two generic products: one
that is bioequivalent to the reference product at
86% and another at 115%. Both are bioequivalent
to the reference product, as they reside within
the 80%-125% BE limits. However, if they were to
be compared between themselves in a BE trial
(where one of the generic products is the reference
product), the difference in bioavailability between
the two products would be larger than 20%. In
this case, the two generic products would not be
bioequivalent.18 This phenomenon is known as
“generic drift”.19
In most DRAs BE studies compare the generic drug
candidate to the reference drug, and not to other
follow-on products on the market.20 Studies show
that usually the first and second follow-on products
are bioequivalent both to the reference product
and to each other but that later follow-on products
can be outside this range when compared to
other generic products.21 Therein lies a potential
safety risk, especially for patients that received the
innovative reference drug at the beginning of their
treatment cycle and were subsequently switched to
a follow-on product and then switched again to a
different follow-on product.
The ‘generic drift’ risk is significantly amplified
when looking at generic NTI drugs whose effect
in the body varies little over time (known as low
“within-subject variability”). If a generic NTI drug
shows high within-subject variability in a BE trial, it
is likely to show poorer efficacy and increased ADRs
in real-time use, and therefore would probably
not be approved for marketing.22 However,
interestingly, generic NTI drugs with low withinsubject variability may still differ by more than 10%
from their reference product in bioavailability terms.
The outcome is paradoxical: while generic NTI
drugs with low within-subject variability fall within
the class of drugs for which there is the greatest
concern with “generic drift”, this is also the class of
drugs for which there are fewer safeguards against
the phenomenon.23 Thus, the risk of unwarranted
clinical outcomes and ADRs that could result from
the use of generic NTI drugs is amplified among
those with low within-subject variability.
This is a critical safety issue that DRAs have
only recently begun to recognize. For example,
as is discussed in more detail in section 2,
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this recognition has led the FDA’s technical
committee in 2011 to establish that NTI drugs
represent a distinct group of products, for which
the BE standards are insufficient. Yet, to date, no
distinct regulatory pathway for these products
has been established.24
These concerns are compounded by the
fact that evidence on safety and efficacy of
generic substitution of NTI drugs is scarce and
inconclusive.25 For example, while some studies
have concluded that the generic version of the
immunosuppressant drug Cyclosporine (an NTI
often used in conjunction with organ transplants) is
equivalent to its reference product,26 others have
shown significant disparities in clinical outcomes
between a generic and the reference product as
well as between two generic products.27 Indeed,
a number of empirical studies document an
increase in acute first and second rejections among
transplant patients upon switching from brand to
generic Cyclosporine-based products.28
In another example, a study found that switching to
an equivalent generic formulation of the NTI drug
Carbamazepine (an anticonvulsant used to treat
seizures) increased the relative risk of neurological
ADRs by nearly 50%. The study concluded that
one of the parameters used for determining
bioequivalence was not sufficiently sensitive for
capturing small yet clinically relevant differences.29
The risks of NTIs is a topic of intense debate
within the scientific and regulatory community.
For example, an expert committee of the FDA has
promoted the use of a scaled average method for
NTI drugs, where the BE range is determined by
the reference product’s variability. In a simplified
manner, low variability entails a narrower BE range;
high variability entails a wider BE range, within the
confinements of the 80-125% limits.30 Alternative
approaches are also suggested which mainly
involves the tweaking of different parameters
examined in a BE trial.31
The need for a stricter, more rigorous approach
for appraisal of follow-on versions of NTI drugs
is acknowledged in the scientific community,
and the narrower range of 90% to 111%-112% in
bioavailability is widely accepted.32

Bioequivalence trial design
A second concern with the current regulatory
model relates to BE trials design, and the fact
that current trial design standards often do not
capture whether a given drug has different clinical
outcomes depending on the type of patient and
the timeframe of usage. As mentioned, BE trials are
usually conducted in the form of a randomized and
controlled clinical trial on 15-50 healthy volunteers.
In these trials a set of parameters is tested in
order to compare the relative bioavailability of the
generic drug candidate to that of the reference
product.
However, under this model, BE trials do not
consider several factors which may affect the
drug’s safety and efficacy in prolonged use and
which may not be derived from reliance on data
for the reference product. For example, different
populations (such as children and women) are
generally not considered in full nor are factors such
as age and co-morbidities.33 As the preceding
Table 1 illustrates, most DRAs do not require
maintaining an equal proportion between male
and female subjects. Worse, in some jurisdictions,
such as Mexico, a requirement to use only
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subjects of one sex is in place, intended to avoid
gender-related differences in pharmacokinetics.34
Additionally, since these trials are conducted within
a relatively short period of time and are based on
a single-dose design, long-term effects that may
occur with chronic dosing may not be adequately
captured.35
These issues raise concerns as to whether
results from BE trials can be generalized into
demonstrating a generic drug’s safety and
efficacy. As with the challenge of ‘generic drift’
such concerns are particularly amplified with
regards to more complex drugs, such as NTI
drugs and NBCDs.36 This concern is based on
the fact that BE trials are not performed on
patients who experience the targeted disease
nor do they consider different racial groups,
food and drug interactions and co-morbidities.
This is important as there is evidence to suggest
that these factors can significantly affect clinical
outcomes in NTI drugs. For example, studies
have shown that certain NTI drugs present
different pharmacokinetic parameters when
taken together with certain types of food. For
example, one particular immunosuppressive
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NTI follow-on product presented significantly
different bioavailability parameters in comparison
to the innovative product when consumed with
apple juice.37 In this case this negative interaction
affected the follow-on product’s efficacy and
led to denial of market authorization in the EU.
Conversely, the product was approved for market
in the US and resulted in a massive recall after an
FDA investigation.38
It is for these reasons that various medical
associations and patient groups, such as the
American Heart Association and the CML
Advocates Network, have recommended that
special consideration be given to generic
substitution of NTI drugs.39 The American
Kidney Foundation and the American Society of
Transplantation have also issued recommendations
that emphasize the need for a stricter BE trial
design, inclusion of patients from different subpopulations, and using appropriate monitoring
techniques.40
One approach derived from these
recommendations places a stricter, more rigorous
BE trial design for generic NTI drugs, such as a
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fully replicated 2-sequence, 2-treatment, 4-period
crossover study design. This approach focuses on
one of the main characterizations of an NTI drug
– its low within-subject variability – and ensures
that the difference between the reference and
follow-on products are negligible.41 However,
as discussed below in section 2 very few DRAs
have introduced or implemented a requirement
for a stricter, more rigorous BE trial design in
approving generic NTI drugs.

Expert opinion appears to be in agreement on
this issue. For instance, a convention of experts
from industry, academia and regulatory bodies
at the 2012 FIP Centennial Congress agreed that
the conventional model for generic drug approval
is significantly lacking with respect to NBCDs.47
Specifically, even the most advanced analytical
means do not enable a complete structural
characterization of the drug, and the acceptable
parameters are insufficient in determining BE and
clinical outcomes.

Inadequate ability for full characterization
The release mechanisms and therapeutic action
of complex drugs are different from the direct and
systematic interactions of small molecule drugs.
Because of this, even the slightest differences in
their release or formation rate can have negative
effects on drug safety and efficacy.42 In this
respect, some NBCDs are more similar to other
large and complex drugs such as biologics.
However, while biological follow-on products,
mostly referred to as biosimilars, are evaluated
using distinct and stringent guidelines (often
including the submission of individual clinical trials
data more akin to a new drug application than that
for a traditional follow-on product),43 many followon products of NBCDs are classified as generics,
and subject to the same BE trials as small molecule
drugs.
This has led to increasing concerns regarding
the adequacy of current BE standards in
determining bioequivalence of generic NBCDs.44
This inadequacy is manifested by the inability of
current analytical methods to successfully isolate,
quantify and characterize the nano-particles which
comprise the NBCDs’ API, as well as the different
pharmacokinetics of these drugs.45 These two
factors – the full characterization of the API and its
pharmacokinetics – are crucial to the process of
determining bioequivalence. Gaps in this kind of
knowledge limit the ability to accurately determine
bioequivalence of generic versions of these drugs.
For example, the US market entry of a follow-on
product to the complex drug Glatiramer acetate
(used to treat multiple sclerosis) has required nearly
50 highly comprehensive and complex analyses
in addition to independent testing by the FDA in
order to provide sufficient proof of bioequivalence
to the reference product.46

Based on these experiences, one prominent
recommendation is that follow-on versions of
NBCDs should be evaluated and approved
under biosimilars pathways similar to what is
in place at both the FDA and the EMA.48 This
pathway maintains a stepwise approach where the
biosimilar product is developed to fit the process
as similar as possible to that of the reference
product. In addition, similarity is determined
using a ‘totality of evidence’ defined as: “the
scientific principle that establishes biosimilarity
by using an extensive set of decisive methods
sensitive enough to detect relevant differences, if
present. These methods involve a large battery of
state-of-the-art physicochemical, analytical, and
functional methods and clinical studies”.49 The
‘similarity’ perspective entails that the follow-on
version’s comparability and interchangeability
with the reference drug may only be established
throughout the product’s life-cycle, due to
the sensitivity of NBCD development and
production process. In line with this approach,
generic substitution is discouraged50 and not
recommended without the monitoring of a
healthcare professional.51

1.3 Ensuring the safety and efficacy of
generics throughout the pharmaceutical
life-cycle
Alongside the challenges discussed in the
preceding sub-section which are specific to the
approval process for generic follow-on products,
both scale-up and manufacturing can significantly
affect a follow-on product’s properties and their
safe and effective use. This is particularly the case
for NBCDs and NTI drugs, whose characteristics
and sensitivities necessitate closer monitoring in
order to avoid unnecessary safety risks.
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Monitoring generics’ safety and efficacy during
scale-up and manufacturing
The first element concerns a drug’s scale-up and
manufacturing process. As part of this process,
an approved drug’s formulation is tested for its
ability to maintain its safety, quality and efficacy
properties when manufactured on a mass-scale.
While manufacturers are responsible for producing
products to the highest quality and adhering to
GMP standards the overarching responsibility
for safeguarding the quality and integrity of a
medicine lies with each individual DRA.52 These
authorities are responsible for overseeing all
actors and processes involved in manufacturing
a medicine and ensuring that its quality is not
allowed to deteriorate at any point during the
production process.53
One example of an issue that DRAs monitor is
a change to a drug’s formulation. During the
manufacturing process, a drug’s production
is scaled-up to mass production of billions of
units, and often there is a need to implement
adjustments to the drug’s formulation in order
to, for example, improve its stability. Recently
there has been a growing recognition that
small and seemingly insignificant changes in
the manufacturing process of drugs (such as
different oils for liquid and capsule forms of the
same product) can significantly affect a drug’s
efficacy and safety and cause undesirable clinical
outcomes.54
The importance of ensuring the safety and quality
of drugs within the scale-up and manufacturing
stage has led DRAs in many developed countries
to shift increasing attention to this issue. For
example, in the early 1990s both the FDA and
the US Pharmacopeial Convention did not view
changes to non-critical excipients as requiring
deep regulation: “certain compositional
adjustments (to formulations) were determined
to be acceptable, without further justification”.55
This shifted in the late 2000s with the FDA issuing
newer guidelines that categorized possible
changes to the scale-up and manufacturing
process in accordance with their potential to
result in ADRs. According to these guidelines,
formulation or excipients changes were (and
remain) categorized as a “major change” which
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requires prior-approval supplement filing.56 Similar
requirements are found in the EMA’s guidelines on
“post approval change management protocols”.57
Yet with regards to NBCDs and NTIs there are
still significant gaps in what is judged to be
critical information and a regulated process. For
example, a recent 2014 white paper issued by
the pharmaceutical industry criticizes the FDA’s
guidance for not providing “recommendations on
specific information required to assess the effect of
changes to identity, strength, purity, or potency of
a drug product”.58 This is of particular importance
to generic NBCDs and NTI drugs.
For NBCDs, which cannot be fully characterized
by physicochemical analysis, it is crucial that the
manufacturing process will maintain the complex
drug’s exact properties and characteristics, since
even the slightest differences in its release or
formation rate can have negative effects on the
drug’ safety and efficacy.59
For NTI drugs, the use of different excipients can
amplify unnecessary safety risks. For example,
clinical data has shown that a 10% decrease in
the concentration of an anti-epileptic drug may
cause patients to suffer breakthrough seizures.60
In addition, as mentioned above generic versions
of the NTI anticonvulsant drugs Carbamazepine
and Gabapentin have caused increased seizures in
patients and more neurological side effects than
the reference product.61 This phenomenon led
the American Academy of Neurology to publish a
position statement in 2007, stating that “the Food
and Drug Administration has allowed for significant
differences between name-brand and generic
drugs… For anticonvulsant drugs, small variations
in concentrations between name brands and their
generic equivalents can cause toxic effects and/or
seizures when taken by patients with epilepsy.”62
Monitoring generics’ safety and efficacy in
distribution and post-marketing
Generic substitution
As part of the mass production and manufacturing
of follow-on products there is also the issue of
mass consumption of follow-on products. Each
country (and in the US each individual state) have
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rules and regulations in place that guide the
dispensation of all prescription drugs including
follow-on products. Critically, the protocols and
formularies for pharmaceutical dispensation do
not always take into account the above cited
risks and differences between bioequivalence
and concomitant clinical and therapeutic effects
for follow-on products. Again, this is an issue of
particular importance for NTIs and NBCDs.
For example, generic substitution, or automatic
substitution (which refers to the switching of a
prescribed innovative drug with its follow-on
product, usually without first obtaining the health
care provider or patient’s consent) is a frequently
used cost containment tool in a growing number
of developed countries.63 It is a policy used in
most EU countries and across the US. Critically,
substitution policies often mean that a patient can
be switched, often unknowingly, from one followon product to another with the same prescription
when refilling their prescriptions. While most
markets have in place strong policies requiring

patient consent when switching, in practice this is
often not the case. Overall, the commercial and
regulatory incentives in place in a given market will
have an impact both on the substitution policies
in place but also, and this is critical, on the actual
practices at the dispensation level. For example,
are patients rigorously informed and made aware
of the substitution of their medicines from one
product to another? In many markets the manner in
which policies are followed will vary from pharmacy
to pharmacy.
With regards to NTI drugs in the US numerous
medical associations recognize that substitution
practices should be performed in a controlled
manner and with appropriate therapeutic
monitoring for adverse drug reactions and
toxicity.64 For example, the generic versions of the
NTI antipsychotic drug Clozapin have resulted
in relapses after generic substitution.65 Indeed,
the practice of generic substitution involving NTI
drugs is illegal in some US states, such as North
Carolina; other US states as well as EU countries
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impose several restrictions on generic substitution
of NTI drugs, including requirements for close
monitoring.66 Yet this is in practice complicated
when countries or regional or state level
jurisdictions differ on what is an NTI. In the US, for
instance, state-level lists of NTI drugs may contain
drugs not recognized as NTI drugs by the FDA.67
In addition, since some NTI drugs are intended for
long-term use (by oncology or organ transplant
patients, for instance), some developed countries
have composed lists of marketed NTI drugs
that should be monitored with a higher degree
of attention.68 However, these lists vary greatly
between countries, regions and private bodies,
such as health insurers. For example, leading DRAs
including the FDA, the EMA, Health Canada, and
Japan’s PMDA all widely recognize drugs such
as Digoxin and Warfarin as NTI drugs, but differ
with respect to other drugs such as Tacrolimus,
Carbamazepine and Phenytoin.69
Labeling
Another critical post-marketing issue concerns the
labeling of follow-on products. In most countries
today generic manufacturers are required to
label their follow-on products with the same
safety information as the reference product. The
underlying logic is that if the follow-on product is
bioequivalent to the reference product – resulting
in the same clinical and therapeutic effect – then
the identical safety information should apply to it
as to the reference product.

great importance, they are conducted mainly on
innovative drugs (the reference products), and
the incentive for the innovator to continue the
monitoring over ADRs diminishes greatly upon
market entry of follow-on products.
Thus, the acquiring of safety information from
real-world use is limited for follow-on products.
In the US, in the wake of the Supreme Court’s
ruling exempting generic manufacturers from
revising their products’ labels in accordance
with newly acquired safety information by the
innovator, the FDA has proposed a rule that would
permit generic drug manufacturers to update the
labelling and safety information for their products
individually.71 This potential new rule is however
under consideration and a potential issuing has
been pushed from 2016 to 2017.72
The US is not the only major market that dose
not distinguish between the safety and labelling
information for generic and reference products.
For example, in the EU certain drugs that
necessitate special monitoring are required to
display a black triangle in the package leaflet and
in the summary of the product’s characteristics
under Regulation 198/2013.73 This measure is part
of a comprehensive pharmacovigilance law that
took effect in the EU in 2012 and has resulted in
an increase of 30% in ADR reports during 2013.74
However, critically this regulation refers only to
innovative products and not to generics.75
Summary

Yet this assumption both ignores the fundamental
differences outlined above with regards to
the potential differences in manufacturing
and ingredients in follow-on products versus
a reference product as well as the manner in
which safety information was gathered in the first
place. Safety information is primarily gathered
and analyzed from post-marketing surveillance
(also known as phase IV clinical trials) which are
performed predominantly on the innovative
reference product. These studies are intended
to safeguard larger scale use of the drug by
monitoring any adverse effects that become
evident as well as identifying what appears to be
the most appropriate and effective manner of
use.70 However, while post-marketing trials are of
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Taken together, the numerous challenges and
examples presented in this section emphasize
the need for taking a nuanced, more rigorous
approach to the approval of generic drugs
throughout the entire drug’s life-cycle. Indeed,
there is a growing understanding within the
scientific community that the classic ‘one-sizefits-all’ approach for generic drugs approval
is insufficient to ensure the safety, quality and
efficacy of marketed drugs.76 Table 2 below outlines
the gaps and challenges within the regulatory
approval process of generic drugs as discussed
above, both generally and vis-à-vis NTI drugs and
NBCDs.
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TABLE 2 Key international gaps and challenges in ensuring safety and efficacy of generic drugs throughout
the life-cycle vis-à-vis NTI drugs and NBCDs

Life-cycle stage

Key gaps and challenges

Description

Clinical implications for NTI drugs
/ NBCDs

Acceptable BE range permits
differences between products;
causes “generic drift”

Follow-on products are tested
for BE against the reference
product. Market entry of multiple
generic products increases risk
of significant differences in BA
between products

NTI drugs and highly-variable
drugs are highly vulnerable to
“generic drift” and are highly
sensitive to seemingly insignificant
changes which can result in poorer
efficacy, ADRs and toxicity

BE trial design requirements do
not capture ‘real-world’ variances

By and large, regulatory
requirements for BE trials design
do not address:
• Lack of proportionality between
male/female subjects
• Lack of representation of
different populations (i.e. ethnic
variance, age, etc.)
• Potential risks of prolonged use
• Potential risks associated with
co-morbidities and drug-drug
interactions
• Potential risks associated with
food-drug interactions

Studies show that certain NTI
drugs are especially sensitive
to drug-drug and food-drug
interactions, which may lead
to decreased efficacy, adverse
reactions, and unwarranted clinical
outcomes

Incapacity for full characterization
of complex drugs

Current analytical methods used
for determining bioequivalence
cannot fully characterize the
differences between the reference
and follow-on products of complex
drugs

The inability of current analytical
methods to fully characterize
the API of complex drugs
and their pharmacokinetic
parameters seriously limit accurate
determination of BE of NBCDs’
follow-on products

Regulatory guidelines do not
always convey the specific
information required to assess
the effect of changes to identity,
strength, purity, or potency of a
drug product

Implementing changes to a
drug’s formulation during scaleup process, and using different
excipients, can significantly affect a
drug’s safety and efficacy

Certain types of drugs, including
NTIs and NBCDs, are extremely
sensitive to change; even slight
differences in release or formation
rate can affect safety and efficacy

Generic substitution regulations
greatly differ between countries
and within them, such as in the US

Switching from an innovative drug
to a follow-on product is allowed,
usually without the physician and
patient’s explicit awareness and/
or consent

While generic substitution in NTI
drugs requires a high degree of
monitoring, lists of NTI drugs vary
between (and sometimes within)
countries, leading to a potential
postcode lottery of safety risks,
and compromising the traceability
of ADRs

New safety information not
necessarily introduced promptly, if
at all, into generic drugs’ leaflets
and labelling

Since post-marketing trials are
conducted mostly by innovators,
the period for acquiring ‘realworld’ safety information is limited
Requirement for uniformity in
labeling results in delay (and
sometime lack) in implementation
of newly-acquired safety
information in generic drugs’
labels

Appraisal and
approval stage

Scale-up &
manufacturing
stage

Dispensation
stage
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Moving in different directions? A
comparative analysis of the generic
drug approval process in developed and
emerging markets
The following section outlines the evolving regulatory approval framework NBCDs
and NTI drugs in DRAs from a mixture of seven developed and emerging markets.
It discusses what regulators and DRAs are doing in these individual markets. Key
questions covered include: What are the current level of regulations for NTIs and
NBCDs? Do they follow the ‘one-size-fits all’ approval pathway or are there special
regulatory requirements in place for NTIs and NBCDs? Where are there still gaps?
based on therapeutic index. The bioequivalence
criteria… are quite strict; there is no need to apply
stricter criteria for NTI drugs.”79

2.1 The United States
Since the development of the ANDA pathway,
the relative share of generic drugs approved by
the FDA and on the US market has increased
substantially, now accounting for approximately
80% of the American pharmaceutical market.77 The
ANDA pathway has also changed dramatically with
continuous issuance of new guidance on regulatory
and technical issues and updates.78 However, with
regards to the approval of generic NTI drugs and
NBCDs the FDA is to some extent trailing other
leading DRAs.
NTI drugs – gaps and challenges in existing
practices
First, although several DRAs in developed
countries such as Canada, Japan, Australia as
well as international institutions such as the WHO
have adopted recommendations for a narrower
bioequivalence range of 90 to 111%/112% for NTI
drugs, the FDA maintains the range of 80-125%
for all generic drugs. A 2009 study by the thenacting director of the Division of Bioequivalence
at the FDA found that this BE range is sufficient
in determining bioequivalence en masse and that
the approval process ensures the safety of generic
substitution. The FDA’s formal position documents
state: “The FDA does not set specific standards

Still, in 2010 the FDA’s Advisory Committee for
Pharmaceutical Science and Clinical Pharmacology
has agreed that the current BE standards are not
sufficient for NTI drugs, and has suggested that
the standards should be stricter.80 The committee’s
recommendations for NTI drugs included a
more rigorous trial design and a tighter BE range
of 90%-111.1%.81 Following the Committee’s
recommendations the FDA has taken a researchbased approach with regards to the regulatory
gaps concerning NTI drugs.82 However, while
several studies funded by the FDA have been
published with recommendations (including an
NTI definition, a narrower BE range and stricter
BE trial design) these have only been partly
implemented as draft guidance on a product-byproduct basis.83
Second, the FDA has developed a framework for
a scientific, risk-based assessment of generic drug
candidates’ quality,84 following the recognition
that the current review system lacks the ability to
effectively ensure product quality throughout the
manufacturing process, particularly for complex
drugs.85 This regulatory approach, known as
QbR, aims at ensuring that the generic product
maintains its attributes under a controlled
and appropriately designed manufacturing
process.86 The QbR approach recognizes generic
NBCDs and NTI drugs as riskier drugs. As such,
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TABLE 3 Key gaps in the regulatory framework for approval
of follow-on versions of NTI drugs / NBCDs in the US
Food & Drug Administration
Formal NTI definition

Under consideration
80-125%

Required bioequivalence range
for NTI drugs
Specific requirements for BE trial
design for NTI drugs

Under consideration

A list of NTI drugs is maintained
and updated?

FDA recognizes some drugs as NTI
drugs; NTI drugs list maintained in
some states.

Generic substitution allowed for
NTI drugs?

Determined on a state-level;
forbidden by some

‘Similarity’ instead of
‘equivalence’
for follow-on versions of NBCDs?

No

Specific extended requirements
for follow-on versions of NBCDs?

Partial, determined on a
case-by-case basis

A stepwise approach and ‘totality
of evidence’ requirement?

No

Automatic / generic substitution
allowed for follow-on versions of
NBCDs?

Yes

the safety and efficacy of follow-on versions of
NBCDs, after these drugs were already approved
for marketing.90 In certain cases, such as with Low
Molecular Weight Heparins, NBCDs are classified
as biologic drugs by the EMA (and their followon versions are evaluated under the biosimilars
pathway), but not by the FDA.91
The scientific challenges with this approach
described above and increasing recognition
that NBCDs require a special pathway has
prompted action by American lawmakers. The
Generic Complex Drugs Safety and Effectiveness
for Patients Act law was introduced to the US
Congress in March 2015. The bill would require the
Government Accountability Office to assess the
FDA’s ability to adequately appraise and evaluate
follow-on versions of NBCDs.92 The Office is also
asked to assess whether the biosimilars approval
pathway (section 505(j) of the FD&C Act) would be
a more appropriate mechanism for the regulatory
approval of follow-on versions of NBCDs.93
In sum, there are substantial gaps in the FDA’s
regulatory approval process for generic versions
of both NTI drugs and NBCDs. Opposite Table
3 provides a summary of the FDA’s regulatory
framework for these drugs.

these NTI drug candidates necessitate a heavier
emphasis by allocating more resources to their
appraisal process and risk assessment.87
However, the QbR approach does not
accommodate, or compensate, for the sensitivities
of NTI drugs and NBCDs, and discussed in the
former sections. For example, while the FDA has
published several guidance papers, such as for
the NTI drug Warfarin, these are case-specific
and not general rules or processes. What is
more, for NBCDs the FDA has allocated funds
for characterization and clinical comparison of
innovative NBCDs and their follow-on versions, but
only after these products were already approved
for marketing within the US.88
NBCDs – gaps and challenges in existing
practices
Follow-on versions of NBCDs are currently
approved under the conventional ANDA pathway.89
For example, on several instances the FDA has
commissioned research from external labs on
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2.2 The European Union
The EMA oversees the pharmaceutical market
for the entire European Union. Although each
EU-member state has its own DRA, the EMA
maintains the centralized procedure, under which
a drug candidate (either innovative or generic)
can be approved for marketing for all EU member
states. However, most generic drugs (including
follow-on versions of NTI drugs and NBCDs) are
submitted for approval via the decentralized or
mutual recognition procedures.94 Under these
procedures, a drug candidate can gain marketing
authorization in one EU member state based
on the authorization given in another. Indeed,
most generic companies submit their products
for authorization under these procedures,
especially after certain restrictions on naming and
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TABLE 4 Key gaps in the regulatory framework for approval
of follow-on versions of NTI drugs / NBCDs in the EU
European Medicines Agency
Yes

Formal NTI definition
Required bioequivalence range
for NTI drugs
Specific requirements for BE trial
design for NTI drugs

90-111%, determined on a
case-by-case basis
Fully replicated, 2-sequence,
2-treatment, 4-period crossover
study design

A list of NTI drugs is maintained
and updated?

No

Generic substitution allowed for
NTI drugs?

Determined on a Member
State-level; forbidden by some

‘Similarity’ instead of
‘equivalence’ for follow-on
versions of NBCDs?

Determined on a case-by-case
basis

Specific extended requirements
for follow-on versions of NBCDs?

Determined on a
case-by-case basis

A stepwise approach and ‘totality
of evidence’ requirement?

Determined on a
case-by-case basis

Automatic / generic substitution
allowed for follow-on versions of
NBCDs?

Within this context, the generic substitution of NTI
drugs constitute a potential pharmacovigilance
gap (which EMA is responsible for), especially as
generic substitution laws or guidelines varies in the
freedom they provide for healthcare professional
decisions. For example, strict substitution rules in
the UK compel switching to a generic version once
introduced, both for in-patients and out-patients,
including NTI drugs such as immunosuppresants.102
In other member states, such as Italy, Spain and
the Czech Republic, an automatic substitution to
a generic version of an immunosuppressant is less
likely as healthcare professionals tend to prefer the
innovative treatment.103 Overall, the commercial
and regulatory incentives in place in a given
market will have an impact both on the substitution
policies in place but also, and this is critical, on
the actual practices at the dispensation level. For
example, are patients rigorously informed and
made aware of the substitution of their medicines
from one product to another? In many markets the
manner in which policies are followed will vary from
pharmacy to pharmacy.

Yes

manufacturing variations were put in place under
the centralized procedure.95 This means that followon versions of NTI drugs or NBCDs can be granted
marketing authorization in EU member states
which maintain less stringent requirements and yet
be authorized for use throughout the entire EU.
For example, while a narrower BE range exist for
generic NTI drugs in Switzerland and Spain, it does
not in Romania and Greece.96
NTI drugs – gaps and challenges in existing
practices
While the EMA has adopted the requirement for a
narrower BE range of 90-111% for NTI drugs in 2010
this is only on a case-by-case basis.97 Moreover, the
EMA does not maintain a list of NTI drugs.98 While
some countries, such as Belgium, maintain such a
list, others, such as France, do not.99 Critically, the
lists also varies between countries.100 For example,
some drugs such as Flecainide and Amiodarone
are considered being NTI drugs in Belgium, but
not in other countries.101

NBCDs – gaps and challenges in existing
practices
With respect to NBCDs the EMA is a relatively
stringent drug regulator, as its practices are
mostly in-line with the scientific recommendations
discussed above in section 1, and efforts have
been taken to further bolster and harmonize
existing regulations. Most importantly, the
EMA usually refers follow-on versions of NBCDs
(though on a case-by-case basis) to the biosimilars
pathway, which is deemed more rigorous and
therefore appropriate for NBCDs. It is worth
noting the contrast between EMA and FDA on
these approvals. For example, EMA has refused
to grant a marketing authorization for follow-on
versions of NBCDs based on insufficient proof
of safety and efficacy, while at the same time the
FDA has approved the follow-on versions via the
conventional generic approval model.104
Nevertheless, in recent years several follow-on
versions of NBCDs have been granted EU-wide
marketing authorization via the decentralized
or mutual recognition procedure. For example,
five different versions of the NBCD Iron Sucrose
are marketed in France today. In addition, one
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TABLE 5 Key gaps in the regulatory framework for approval
of follow-on versions of NTI drugs / NBCDs in Canada
Health Canada
Formal NTI definition
Required bioequivalence range
for NTI drugs
Specific requirements for BE trial
design for NTI drugs

Yes
90-112%
Efforts for adequate representation
of patient population and cover for
potential risks

A list of NTI drugs is maintained
and updated?

Yes

Generic substitution allowed for
NTI drugs?

Determined on a regional level

‘Similarity’ instead of
‘equivalence’ for follow-on
versions of NBCDs?

No

Specific extended requirements
for follow-on versions of NBCDs?

No

A stepwise approach and ‘totality
of evidence’ requirement?

No

Automatic / generic substitution
allowed for follow-on versions of
NBCDs?

Yes

such drug was recently approved for marketing
in Sweden via the national procedure, despite
the fact that the Swedish DRA had not based its
decision on supportive clinical data; as is usual with
biosimilars.105
Despite the issuance of several “reflection papers”
and “draft guidance” detailing the additional
requirements for approval of follow-on versions of
NBCDs, the regulatory framework for approval of
these drugs is still lacking in the EU. This includes,
for example: the absence of stricter requirements
(such as stricter trial design), inability to stipulate
generic substitution with ‘totality of evidence’, and
the option for faster approval via decentralized
procedures, constituting the most significant
challenges from a pharmacovigilance perspective.
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2.3 Canada and Australia
The Canadian DRA Health Canada is one of
the world’s leading DRAs and its practices are
generally similar to that of the EMA and the FDA.
Australia’s drug regulator – the Therapeutic Goods
Administration – is also considered a relatively
advanced and stringent DRA. Generic drugs have
a high market share in both countries. In regulatory
terms, generic drug candidates undergo a similar
regulatory process of market approval in both
countries. Marketing authorization, however, is
granted only for follow-on versions of drug already
registered in Canada, and bioequivalence tests
must be performed against this reference drug.106
NTI drugs – gaps and challenges in existing
practices
Health Canada was the world’s first DRA to
officially require a narrower range for NTI drugs
(referred to as ‘critical dose’ drugs) in 2006.107 In
addition, Health Canada’s guidance on BE trials
recognizes that in certain cases involving generic
NTI drug candidates it may be necessary to
perform the BE trials on patients experiencing
the targeted disease, rather than on healthy
volunteers.108 Moreover, Health Canada recognizes
that study design is of critical importance for NTI
drugs, and requires both fasting and fed states
and homogenous study groups, among other
requirements.109
The Australian TGA also maintain similar definitions
of what constitute an NTI drug and a requirement
for a narrower BE range. However, the TGA does
not refer to NTI drugs’ BE trial design within its
bioequivalence guidance and does not maintain a
list of NTI drugs.110
Where the two DRAs significantly differ is in
generic substitution. While the Australian TGA
restricts generic substitution of certain NTI drugs
such as warfarin and phenytoin,111 in Canada,
generic substitution by pharmacists is allowed,
and even mandatory in several provinces, but
it is not automatic and is rather subject to the
prescribing physician’s decision.112 There are also

Generic drugs appraisal and approval: departing from the ‘one-size-fits-all’ approach

TABLE 6 Key gaps in the regulatory framework for approval
of follow-on versions of NTI drugs / NBCDs in Australia

potentially eligible for generic substitution without
recommended monitoring over the subsequent
drug’s effect and safety.

Therapeutic Goods
Administration
Formal NTI definition
Required bioequivalence range
for NTI drugs

Yes
90-111%

Specific requirements for BE trial
design for NTI drugs

No

A list of NTI drugs is maintained
and updated?

No

Generic substitution allowed for
NTI drugs?

No

‘Similarity’ instead of
‘equivalence’ for follow-on
versions of NBCDs?

No

Specific extended requirements
for follow-on versions of NBCDs?

No

A stepwise approach and ‘totality
of evidence’ requirement?

No

Automatic / generic substitution
allowed for follow-on versions of
NBCDs?

Yes

some examples of NTI drugs being exempted
from reimbursement substitution protocols in
several provinces. For example, Cyclosporine was
included in Quebec’s drugs list as an NTI drug and
it is exempt from Quebec’s mandatory generic
substitution plan.
NBCDs – gaps and challenges in existing
practices
Currently, follow-on versions of NBCDs are
appraised and approved for marketing both in
Canada and in Australia under the conventional
follow-on model despite both DRAs having
established a designated pathway for biosimilars.
In some cases, such as with low molecular weight
heparins, Health Canada acts to clarify what is
the appropriate regulatory pathway.113 From a
pharmacovigilance perspective, this is a significant
gap. It essentially means that follow-on versions
of NBCDs can be authorized for marketing in
these countries without a heightened proof of
similarity. It also means that these products are

2.4 Japan
Japan’s generic drugs market share is relatively
low, with only some 40% of total market volume in
2012.114 The Ministry of Health, Labor, and Welfare
has developed a 5-year plan to increase generic
drug use to over 60% by 2018.115
The regulatory framework for approval of generic
drugs in Japan has been centralized in recent years
following structural reforms. The Office of Generic
Drugs, part of the Pharmaceuticals and Medical
Devices Agency, is responsible for the evaluation
of applications.116 However, the standards of
practice (including bioequivalence parameters)
are determined by the Japanese Institute of
Health Sciences. The bioequivalence guidelines
in use have not been updated since 2012.117 For
this reason, one of the 5-year plans’ targets
is to “Establish guidelines for bioequivalence
testing in order to respond to the increased
complexity of bioequivalence assessments and the
diverse pharmaceutical products that are being
developed.”118
NTI drugs – gaps and challenges in existing
practices
Generic versions of NTI drugs must show proof
of bioequivalence within a narrow range of 90111%. Additionally, the Japanese DRA has issued
the most comprehensive list of NTI drugs on
the market, with close to 30 NTI drug products
on it, including antiepileptic drugs, immunesuppressants, antidiabetic compounds and more.119
The Japanese authorities also impose more
stringent requirements within NTI drugs’ postapproval stage including manufacturing process
and formulation changes.120
Where the generic drugs’ regulatory framework
falls short is in the lack of requirements for stricter
BE trial design for generic NTI drugs and the
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TABLE 7 Key gaps in the regulatory framework for approval
of follow-on versions of NTI drugs / NBCDs in Japan
Pharmaceuticals and Medical
Devices Agency
Formal NTI definition
Required bioequivalence range
for NTI drugs

Yes
90-111%

Specific requirements for BE trial
design for NTI drugs

No

A list of NTI drugs is maintained
and updated?

Yes

Generic substitution allowed for
NTI drugs?

Yes

‘Similarity’ instead of
‘equivalence’ for follow-on
versions of NBCDs?

No

Specific extended requirements
for follow-on versions of NBCDs?

No

A stepwise approach and ‘totality
of evidence’ requirement?

No

Automatic / generic substitution
allowed for follow-on versions of
NBCDs?

Yes

practice of generic substitution. For example,
generic substitution in Japan is permitted only with
the approval of the attending physician. Up to 2008
the prescription format required the physician’s
signature for substitution. In an effort to increase
generic market share, the format was changed into
a tick-box that the physician is required to check
for “no substitution”.121
NBCDs – gaps and challenges in existing
practices
Although a designated pathway for biosimilars
is in place follow-on versions of NBCDs are
appraised and approved for marketing under the
conventional generic follow on product route.

2.5 Mexico
The Mexican generic drugs market has flourished
during recent years, following extensive reform
by the Mexican DRA COFEPRIS.122 For example,
in late 2013 the regulation for establishing
interchangeability (NOM-177-SSA1-2013) was
introduced and was bolstered with additional
requirements such as specific requirements for
various types of drugs including a narrower BE
range for NTI drugs.123
NTI drugs – gaps and challenges in existing
practices
With the introduction of NOM-177-SSA1-2013
several gaps with regards to NTI drugs were
closed. In particular, the requirement for a narrower
BE range of 90-111%, stricter protocols for BE
studies and extension of dissolution profiles
provides a more rigorous approach, in-line with
scientific recommendations and international best
practices.
Where Mexico’s updated and more rigorous
regulatory framework does not meet the most
up-to-date recommendations and best practices
for generic NTI drugs is in interchangeability and
substitution policies. Indeed, NOM-177-SSA1-2013
states that generic drugs which exhibit sufficient
proof of pharmaceutical and bioequivalence
are interchangeable. Furthermore, prescribing
by INN is mandatory in Mexico for public health
system prescriptions. Private sector insurance and
formularies do not mandate INN prescribing and
instead prescribers can prescribe by brand name.124
NBCDs – gaps and challenges in existing
practices
Despite having a biosimilars pathway in place
NBCDs are not required to undergo additional
regulatory scrutiny but are processed under the
conventional generic market authorization route.
Current Mexican regulations on interchangeability
does not include any reference to NBCDs.
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TABLE 8 Key gaps in the regulatory framework for approval
of follow-on versions of NTI drugs / NBCDs in Mexico
Comisión Federal para la
Protección contra Riesgos
Sanitarios
Formal NTI definition
Required bioequivalence range
for NTI drugs

No
90-111%

Specific requirements for BE trial
design for NTI drugs

No

A list of NTI drugs is maintained
and updated?

No

Generic substitution allowed for
NTI drugs?

Yes

‘Similarity’ instead of
‘equivalence’ for follow-on
versions of NBCDs?

No

Specific extended requirements
for follow-on versions of NBCDs?

No

A stepwise approach and ‘totality
of evidence’ requirement?

No

Automatic / generic substitution
allowed for follow-on versions of
NBCDs?

Yes

2.6 Brazil
Brazilian pharmaceutical policy has traditionally
been committed to non-research based
medicines. Historically this was achieved through
the promotion of a copied-drugs industry
built during the 1980s. These drugs are today
known as similars or similares and constitute a
substantial share of the Brazilian drug market.
Brazil is one of the biggest markets for similar
drugs in Latin America, with a market share of
nearly 50%. In contrast, innovative and generic
drugs have a market share of only 21% and 27%
respectively.125 Indeed, as in other Latin American
countries including Argentina, there is currently a
regulatory distinction between 3 different types
of pharmaceuticals: Similar Drug Product, Generic

Drug and Reference Drug Product. Since the early
and mid-2000s Brazil has introduced measures
to effectively curtail the use and distribution of
similars, replacing them with bioequivalent tested
generic drugs. Regulations introduced in 2003
require all similar drugs to submit bioavailability
data, pharmaceutical equivalence tests and a copy
of GMP certificate issued by the national DRA,
ANVISA. However the more stringent regulations
for similars has been watered down on several
occasions and postponed (including in 2009). 2014
saw the regulation regarding similars updated
(Resolution RDC No. 56/2014) and manufacturers of
similars were given a period of time for submitting
bioequivalence studies.126 These regulations
stipulate that following approval a similar will be
regarded as ‘equivalent’ to a reference product
and therefore interchangeable with the reference
drug, just like generic medicines. Given the large
market share of similars on the Brazilian market
– and reliance by the public health system on
these drugs – at the time of research it remained
unclear whether manufacturers of similar drugs
that will not abide with this requirement will still
be permitted to distribute their product. It is also
unclear whether these products can continue to
be distributed with an exact copy of the reference
product’s safety information and leaflet as was
permitted by ANVISA before the new regulation.127
With respect to the conventional process of
generic drugs approval, Brazil’s requirements are
largely the same as in other jurisdictions. Some
key differences include additional requirements
which are in-line with scientific recommendations,
such as: proportionality between male and female
subjects; maintaining an average of body weight;
and studies where food interaction are known.128
NTI drugs – gaps and challenges in existing
practices
NTI drugs are not mentioned specifically in
current bioequivalence standards nor is there
a list of recognized NTI drugs. Furthermore,
following Resolution RDC No. 56/2014 the list of
interchangeable drugs has increased substantially
with drugs whose bioequivalence is proven but
under the conventional generic follow-on route.
While ANVISA does specify the requirements for
BE studies for specific types of drugs such as highly
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TABLE 9 Key gaps in the regulatory framework for approval
of follow-on versions of NTI drugs / NBCDs in Brazil
ANVISA
No

Formal NTI definition
Required bioequivalence range
for NTI drugs

80-125%

Specific requirements for BE trial
design for NTI drugs

No

A list of NTI drugs is maintained
and updated?

No

Generic substitution allowed for
NTI drugs?

Yes

‘Similarity’ instead of
‘equivalence’ for follow-on
versions of NBCDs?

No

Specific extended requirements
for follow-on versions of NBCDs?

No

A stepwise approach and ‘totality
of evidence’ requirement?

No

Automatic / generic substitution
allowed for follow-on versions of
NBCDs?

Yes

variable drugs and modified-release drugs, no
specifications exist for NTI drugs.129
Highlighting the need for regulatory reform a
number of local academic papers have emphasized
the pressing need for bolstering the regulations
regarding generic version of marketed NTI drugs,
such as Levothyroxine.130 It remains to be seen
whether these recommendations will be adopted.
NBCDs – gaps and challenges in existing
practices
To date, ANVISA has not established a
designated pathway for NBCDs, or added specific
requirements for the appraisal of their follow-on
versions.131
Yet just as with NTIs this is an issue which is
recognized by experts in Brazil and the wider
region. For instance, a 2015 panel of Latin
American experts from nine countries (including
Brazil) provided recommendations on biosimilars
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and on follow-on versions of NBCDs. Among
their recommendations was: the need to have a
robust regulatory framework based on up-to-date
standards of manufacturing and pharmacovigilance
prior to market approval; the need for full
characterization of the products; and restriction on
automatic substitution due to “unacceptable risks
to patients”.132
Summary
This section has provided a comparative analysis
of the current practices for generic drug approval
within a mixture of seven developed and emerging
markets, focusing on NTI drugs and NBCDs.
The analysis shows, first, that gaps and challenges
exist to an extent in all examined DRAs, including
stringent DRAs such as FDA, EMA, Health
Canada, PMDA and the TGA. Second, it is clear
that this is not an issue facing only DRAs in
emerging markets. In fact, the FDA and the US
– despite recognizing these issues – have yet to
introduce reforms and strengthen regulatory
requirements for NTIs and NBCDs.
On the following page Table 10 consolidates the
current practices of the seven analyzed DRAs
showing where best practices are in place and
where there is still room for improvement.
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TABLE 10 Key gaps in the regulatory framework for approval of follow-on versions of NTI drugs / NBCDs
in seven developed and emerging markets
European
Union
(EMA)

Canada
(Health
Canada)

Australia
(TGA)

Japan
(PMDA)

Mexico
(COFEPRIS)

Brazil
(ANVISA)

Under
consideration

Yes

Yes

Yes

Yes

No

No

80-125%

90-111%,
determined
on a caseby-case
basis

90-112%

90-111%

90-111%

90-111%

80-125%

Specific
requirements
for BE trial
design for
NTI drugs

Under
consideration

Fully
replicated,
2-sequence,
2-treatment,
4-period
crossover
study design

Efforts for
adequate
representation
of patient
population
and cover for
potential risks

No

No

No

No

A list of NTI
drugs is
maintained and
updated?

FDA
recognizes
some drugs
as NTI drugs;
NTI drugs list
maintained in
some states.

No

Yes

No

Yes

No

No

Generic
substitution
allowed for
NTI drugs?

Determined
on a
state-level;
forbidden by
some

Determined
on a
state-level;
forbidden
by some

Determined
on a regional
level

No

Yes

Yes

Yes

‘Similarity’
instead of
‘equivalence’
for follow-on
versions of
NBCDs?

No

Determined
on a caseby-case
basis

No

No

No

No

No

Specific
extended
requirements
for follow-on
versions of
NBCDs?

Partial,
determined
on a case-bycase basis

Determined
on a caseby-case
basis

No

No

No

No

No

A stepwise
approach
and ‘totality
of evidence’
requirement?

No

Determined
on a caseby-case
basis

No

No

No

No

No

Automatic
/ generic
substitution
allowed for
follow-on
versions of
NBCDs?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

United States
(FDA)
Formal NTI
definition
Required
bioequivalence
range for NTI
drugs
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Key findings and conclusions
Increasingly scientists and drug regulators across the world are recognizing the need
to depart from the traditional ‘one-size-fits-all’ generic approval framework and
establish additional pathways for NTI drugs and NBCDs.
Scientific research from North America, Europe
and Latin America show the need for a tightening
of regulatory standards for NTIs, NBCDs and
other high risk follow-on products. And while
some DRAs have taken action introducing a
narrower bioequivalence band, for instance,
for NTIs the regulatory standards and practices
for the appraisal of follow-on versions of NTI
drugs and NBCDs are currently lagging behind
the recommendations and findings of the latest
scientific research.
Indeed, while most DRAs included in this report
recognize the higher risks that these drugs pose,
actual regulatory standards and requirements vary
greatly between drug regulators. Some DRAs have
introduced more stringent, rigorous requirements
specific to generic versions of these drugs; others
have not. In fact, follow-on versions of NTI drugs
and NBCDs are authorized for marketing in
many countries under the conventional generic
pathway. This despite scientific recommendations
largely being unanimous for the need for specific
conditions and pathways for these drugs and
despite a large body of evidence indicating
the associated potential health and safety risks.
Furthermore, definitions as to what constitutes
these higher risk follow-on products and more
complex drugs is not uniform. Lists of NTI drugs
can differ considerably between the few drug
regulators that maintain them as well as within
countries – such as in the US – and between
different layers of authority. And in some countries,
particularly in Latin America, the challenges posed
by these drugs is compounded by the existence of
a third class of drugs – similares – which are sold as
follow-on versions of the innovative product, yet
without the need to provide proof bioequivalence.

The report’s findings can be grouped along three
key findings:
Key finding 1: NTI drugs and NBCDs necessitate a
more rigorous regulatory approach
A growing body of scientific evidence now clearly
indicates that the conventional, ‘one-size-fits-all’
approach in the regulatory approval of generic
drugs is technically inadequate for ensuring the
safe and effective use of follow-on versions to the
reference product, especially with regards to NTIs
and NBCDs.
With respect to NTI drugs, evidence suggests that
small, seemingly insignificant changes to the drug’s
formulation, compound or excipients, undetected
or unaccounted for by the current regulatory
approval model, may, and indeed already have
resulted in poorer efficacy and a wide range of
adverse reactions, toxicity and unwarranted clinical
outcomes. These concerns are compounded by
the practice of generic substitution which exists
in many countries today, yet often fails to address
the health and safety challenges posed by generic
versions of NTI drugs.
With respect to NBCDs, experts from across the
board agree that the current analytical methods
which are utilized for the appraisal of follow-on
versions are incapable of full characterization
of complex drugs and therefore cannot safely
establish equivalence and interchangeability
between an innovative complex drug and its
follow-on versions. Thus, follow-on versions of
complex drugs can only be deemed as ‘similar’ and
not equivalent.
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To ensure that generic versions of NTI drugs and
NBCDs maintain the same safety, quality and
efficacy properties of the reference product,
scientific recommendations include the following:
NTI drugs
• A narrower range of 90-111% for determining
bioequivalence, instead of the general 80-125%;
• Stricter bioequivalence trial design which ensures
that the difference between the reference and
follow-on products are negligible under the
acceptable statistical validity;
• Maintaining a list of NTI drugs;
• Permit generic substitution of NTI drugs only
under the conditions of switching in a highlycontrolled manner, and with appropriate
therapeutic monitoring for adverse drug
reactions and toxicity.
NBCDs
• Follow-on versions of non-biological complex
drugs should be appraised under the stepwise
approach of the biosimilars pathway, where
the follow-on product is developed through an
iterative development to fit the process as similar
as possible to that of the reference product,
and its similarity is determined using a ‘totality
of evidence’ which involves the state-of-the-art
analytical methods as well as clinical studies;
• The follow-on version’s interchangeability may
only be established throughout the product’s
life-cycle, due to the sensitivity of the production
process. As a result, generic substitution is
discouraged or not recommended without the
monitoring of a healthcare professional.
Key finding 2: DRAs have been slow in addressing
the challenges posed by NTI drugs and NBCDs
and patients potentially remain at risk
This report’s mapping of the current practices for
generic drug approvals for NTI drugs and NBCDs
in seven developed and developing markets
confirms that the ‘one-size-fits-all’ approach suffers
from substantial gaps with respect to the current
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state of the scientific literature. Indeed, among the
seven examined drug regulators (which include
both stringent as well as developing DRAs) none
has implemented in full (or even in part, in some
cases) the recommended standards and practices
for approving follow-on versions of NTI drugs and
NBCDs.
For NTIs there has been some positive movement
with five of the seven DRAs mapped introducing
narrower bioequivalence bands of 90-112% for
NTIs. Yet significant gaps still remain.
Conversely, for NBCDs no DRA has changed
regulatory requirements and procedures for
these follow-on products.
Interestingly, where these gaps and challenges
are most striking is within the most stringent and
advanced DRAs, namely the FDA and the EMA.
In the US NTI drugs still lack a formal definition, a
federal-level list, and, most importantly, a narrower
range of bioequivalence. While some generic
versions of NTI drugs may and have been asked
to undergo a stricter bioequivalence trial, this is
determined only on a case-by-case basis. The
Generic Complex Drugs Safety and Effectiveness for
Patients Act was introduced to the US Congress in
March 2015. The bill would require the Government
Accountability Office to assess the FDA’s ability to
adequately appraise and evaluate follow-on versions
of NBCDs. The bill also asks the Office to assess
whether the biosimilars approval pathway (section
505(j) of the FD&C Act) would be a more appropriate
mechanism for the regulatory approval of follow-on
versions of NBCDs. While this proposed legislation
is being debated the FDA has allocated funds for
research into the equivalence of follow-on versions
of NBCDs that are already marketed, and to which
compendial monographs are still in development.
In the EU, generic drugs manufacturers are
increasingly using the decentralized procedures
for approving their products. Thus, while the EMA
itself maintain stricter requirements for approval of
follow-on versions of NTI drugs and NBCDs, followon products can be authorized for marketing in
one Member State with less-strict regulations, and
gain access to the entire EU market via the mutual
recognition procedure.
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Key finding 3: Regulatory convergence is taking
place – Next step should include NTIs and NBCDs
The regulatory approval process for generic
drugs – which includes standards governing
bioequivalence and labeling to manufacturing
and dispensation – is in most major respects
converging. Since the mid-1980s and passage
of the Hatch-Waxman Act in the US, most major
DRAs have introduced similar pathways for
follow-on products. Generic drugs are required
to provide bioequivalence data that underpin
the assumptions about pharmaceutical and
therapeutic equivalence between reference and
follow-on product and their safe and effective use.
Even in countries like Brazil with a strong tradition
and use of copied drugs (similares) reforms have
been introduced to increase the number of
bioequivalent tested products on the market.

As mentioned, five of the seven DRAs examined
in this report have taken partial measures
strengthening regulatory requirements for NTIs.
The WHO and other international institutions are
also working on improving best practices for the
approval of generic follow-on products. Once a
growing body of DRAs introduce reforms to both
the approval process for NTIs and NBCDs there
is a good chance this can become an established
international best practice and regulatory
convergence is more likely to take place.

39

Notes
	Lelorier, J. et Al. (2008). “Clinical consequences of generic
substitution of lamotrigine for patients with epilepsy”, Neurology,
Vol. 70, No. 22, p. 2179; Patel, V., et Al. (2012). “Changed
constitution without change in brand name – the risk of generics
in epilepsy”, Journal of Epilepsy Research, Vol. 98, Issue 2–3, pp.
269–272.
2
	Ward, M. (2014). “Regulatory harmonization: The International
Generic Drug Regulators Pilot”, WHO Drug Information Vol. 28 No.
1, www.who.int/medicines/publications/druginformation/DI_281_Regulatory-Harmonization.pdf?ua=1.
3
	See: Pugatch, M., Torstensson, D. and Laufer, M. (2014).
Developing a Culture of Pharmacovigilance, pp. 16-18.
4
	Ibid.
5
	FDA, (2014). Approved Drug Products with Therapeutic
Equivalence Evaluations – 34th Edition, Office of Generic Drugs,
Center for Drug Evaluation and Research, pp. vi-vii, www.fda.gov/
downloads/Drugs/DevelopmentApprovalProcess/UCM071436.
pdf.
6
	Ibid., p. vii.
7
	Ibid.
8
	Ibid., p. 1.
9
	Mei-Ling, C. et Al (2001). “Bioavailability and Bioequivalence: An
FDA Regulatory Overview”, Journal of Pharmaceutical Research,
Vol. 18, No. 12, p. 1647.
10
	Mei-Ling, C. et Al (2001). “Bioavailability and Bioequivalence: An
FDA Regulatory Overview”, Journal of Pharmaceutical Research,
Vol. 18, No. 12, p. 1648.
11
	FDA, (2014). Approved Drug Products with Therapeutic
Equivalence Evaluations… p. viii.
12
	Management Sciences for Health and World Health Organization.
(2007). Drug and Therapeutics Committee Training Course.
Arlington, VA: Management Sciences for Health, p. 114.
13
	Ibid, pp. 113-114
14
	Welage, L. S. et Al. (2001). “Understanding the Scientific Issues
Embedded in the Generic Drug Approval Process”, Journal of the
American Pharmacology Association, Vol. 41, No. 6, p. 4.
15
	See: Löenberg, R. and Amidon, G. L. (2000). “Modern
bioavailability, bioequivalence and biopharmaceutics
classification system. New scientific approaches to international
regulatory standards”, European Journal of Pharmaceutics and
Biopharmaceutics, Vol. 50, pp. 3-12.
16
	Conner, D. P. and Davit, B. M. (2005). “Bioequivalence and
Drug Product Assessment, In Vivo”, in Generic Drug Product
Development: Solid Oral Dosage Forms, Shargel, L. & Kanefr, I.
(Eds.), Marcel Dekker, Inc., NY, P. 228.
17
	Johnston, A. (2013). “Equivalence and interchangeability of narrow
therapeutic index drugs in organ transplantation, European Journal
of Hospital Pharmacy, Vol. 20, p. 303; Shaw, S. J., Hartman, A.
L. (2010). “The Controversy Over Generic Antiepileptic Drugs”,
Journal of Pediatric Pharmacology and Therapeutics, Vol. 15, pp.
81-93, www.ncbi.nlm.nih.gov/pmc/articles/PMC3018179/pdf/
i1551-6776-15-2-81.pdf.
18
	Johnston, A. (2012). Equivalence & Interchangeability of Narrow
Therapeutic Index Drugs, Unpublished.
19
	Lionberger, R. et Al. (2013). “Confidence in Generic Drug
Formulation”, Clinical Pharmacology & Therapeutics, Vol. 94, No. 4,
p. 438.
20
	Davit, B, M. et al. (2013). “International Guidelines for
Bioequivalence of Systemically Available Orally Administered
Generic Drug Products: A Survey of Similarities and Differences”,
The AAPS Journal, Vol 43., p. 977.
21
	Anderson, S. & Hauck, W. W. The transitivity of bioequivalence
testing: potential for drift. Int J Clin Pharmacol Ther 34, 369–374
(1996).
22
	Lionberger, R. et Al. (2013). “Confidence in Generic Drug
Formulation…
23
	Ibid.
24
	Martin, C. (2011). “Generic Medication for Immunosuppresion:
Where Are We?”, Fairview Pharmacy Services LLC, University
of Minnesota, www.uofmmedicalcenter.org/fv/groups/internet/
documents/web_content/s_078603.pdf.
25
	Taber, D. J. et Al. (2005). “Does Bioequivalence Between Modified
Cyclosporine Formulations Translate into Equal Outcomes?”,
Transplantation, Vol. 80, No. 11, pp. 1663-1665 ; Singh, A. K.,
Narsipur, S. S. (2011). “Cyclosporine: A Commentary on Brand
versus Generic Formulation Exchange”, Journal of Transplantation,
1

40

Vol. 2011, p. 3, www.hindawi.com/journals/jtrans/2011/480642/.
	Roza, A. et al. (2002). “Conversion of stable renal allograft
recipients to a bioequivalent cyclosporine formulation,”
Transplantation, Vol. 74, No. 7, pp. 1013–1017.
27
	Hibberd, A. D. et al. (2006). “Assessment of the bioequivalence of
a generic cyclosporine A by a randomized controlled trial in stable
renal recipients,” Transplantation, Vol. 81, No. 5, pp. 711–717.
28
	Helderman, J. H. (2011). “Generic Substitution for
Immunosuppresive Drugs…
29
	Endrenyi, L. and Tothfalusi, L. (2013). “Determination of
Bioequivalence for Drugs with Narrow Therapeutic Index:
Reduction of the Regulatory Burden”, Journal of Pharmacy &
Pharmaceutical Sciences, Vol 16, Issue 5, pp. 679.
30
	Yu, L. X. et al. (2013). “Novel bioequivalence approach for narrow
therapeutic index drugs”, Journal of Clinical Pharmacology &
Therapeutics, Vol. 97, No. 3, pp. 286-91
31
	Tothfalusi, L., Speidl, S., Endrenyi, L. (2007). “Exposure-response
analysis reveals that clinically important toxicity difference can exist
between bioequivalent carbamazepine tablets”, British Journal of
Clinical Pharmacology, Vol. 65, pp. 110–122.
32
	See: Gelder, T. V. and Gabardi, S. (2013). “Methods, strengths,
weaknesses, and limitations of bioequivalence tests with
special regard to immunosuppressive drugs”, Transplant
International, Vol. 26, p. 773; Johnston, A. (2013). “Equivalence
and interchangeability of narrow therapeutic index drugs in organ
transplantation”, European Journal of Hospital Pharmacy, Vol. 20,
pp. 302-307.
33
	Shaw, S. J., Hartman, A. L. (2010). “The Controversy Over Generic
Antiepileptic Drugs”… pp. 84-86.
34
	See: Davit, B. et al. (2013). “International Guidelines for
Bioequivalence of Systemically Available Orally Administered
Generic Drug Products: A Survey of Similarities and Differences”,
The AAPS Journal, Vol. 15, No. 4, p. 979.
35
	Tothfalusi, L, Endrenyi, L. (2013). Approvable generic
carbamazepine formulations may not be bioequivalent in target
patient populations”, International Journal of Clinical Pharmacology
and Therapeutics, Vol. 51, No. 6, pp. 525-528; Shaw, S. J.,
Hartman, A. L. (2010). “The Controversy Over Generic Antiepileptic
Drugs”… pp. 84-86.
36
	Welage, L. S. et Al. (2001). “Understanding the Scientific Issues
Embedded in the Generic Drug Approval Process”, Journal of the
American Pharmacology Association, Vol. 41, No. 6, p. 4.
37
	See: Gelder, T. V. and Gabardi, S. (2013). “Methods, strengths,
weaknesses, and limitations of bioequivalence tests with special
regard to immunosuppressive drugs”, Transplant International,
Vol. 26, p. 773; Johnston, A. (2010). Generic and Therapeutic
Substitution…
38
	Ibid.
39
	Holmes, D. R. Jr., Becker, J. A., Limacher, M. C., Granger, C. B.,
Page, R. L. 2nd, Sila C. (2011). “ACCF/AHA 2011 health policy
statement on therapeutic interchange and substitution: a report
of the American College of Cardiology Foundation Clinical Quality
Committee”, Circulation, Vol. 124, p. 1303; CML Advocates
Network, Chronic Myeloid Leukemia patients call for quality and
consistency when generics are introduced to treat their cancer,
8.8.2014, www.cmladvocates.net/133-generics/354.
40
	Sabatini, S., Ferguson, R. M., Helderman, J. H. et al. (1999). “Drug
substitution in transplantation: a National Kidney Foundation white
paper,” American Journal of Kidney Diseases, vol. 33, no. 2, pp.
389–397.
41
	Jiang, W. et al. (2015). “A Bioequivalence Approach for Generic
Narrow Therapeutic Index Drugs: Evaluation of the ReferenceScaled Approach and Variability Comparison Criterion”, The AAPS
Journal, Vol. 17, No. 4, pp. 891-901.
42
	Mulenbach, S. et Al. (2013). “The Authorization of Non-Biological
Complex Drugs (NBCDs) Follow-on Versions: Specific Regulatory
and Interchangeability Rules Ahead?”, Generics and Biosimilars
Initiative Journal, Vol. 2, Issue 4, p. 205.
43
	For the FDA regulations and guidelines for biosimilars
see: www.fda.gov/drugs/developmentapprovalprocess/
howdrugsaredevelopedandapproved/approvalapplications/
therapeuticbiologicapplications/biosimilars/default.htm; For the
EMA regulations and guidelines for biosimilars see: www.ema.
europa.eu/ema/index.jsp?curl=pages/regulation/general/general_
content_000408.jsp.
44
	Mulenbach, S. et Al. (2013). “The Authorization of Non-Biological
Complex Drugs… p. 205.
26

Generic drugs appraisal and approval: departing from the ‘one-size-fits-all’ approach

	Ibid.
	Anderson, J. et al. (2015). “Demonstration of equivalence of a
generic glatiramer acetate (Glatopa™)”, Journal of the Neurological
Sciences, Vol. 359, pp. 24-34.
47
	Schellekens, H. et al. (2014). “How to Regulate Nonbiological
Complex Drugs (NBCD) and Their Follow-on Versions: Points to
Consider”, The AAPS Journal, Vol. 16, No. 1, p. 18.
48
	Crommelin, D. JA. Et al. (2014). “The similarity question for
biologicals and non-biological complex drugs”, European Journal
of Pharmaceutical Sciences, Vol. 76, p. 12.
49
	Ibid.
50
	Muhlebach, S. et al. (2013). “The Authorization of Non-Biological
Complex Drugs (NBCDs) Follow-on Versions: Specific Regulatory
and Interchangeability Rules Ahead?”, Generics and Biosimilars
Initiative Journal, Vol. 4, Issue 2, pp. 204-207.
51
	Schellekens, H. et al. (2014). “How to Regulate Nonbiological
Complex Drugs (NBCD) and Their Follow-on Versions: Points to
Consider”, The AAPS Journal, Vol. 16, No. 1, p. 20.
52
	It should be noted that some countries divide authority between a
national DRA and regional authorities. For example, in India state
authorities are responsible for ensuring local GMP compliance.
53
	Pugatch, M., Torstensson, D., Laufer, M. (2014). Developing a
Culture of pharmacovigilance… p. 16.
54
	Van Buskirk, G. A. et Al. (2014). “White Paper: Best Practices for
the Development, Scale-up, and Post-approval Change Control
of IR and MR Dosage Forms in the Current Quality-by-Design
Paradigm”, AAPS PharmSciTech, Vol. 15, No. 3, p. 672.
55
	Skelly, J. P. et al. (1993). “Scaleup of oral extended-release dosage
forms”, Journal of Pharmaceutical Research, Vol. 10, Issue 12, pp.
1800–1805.
56
	Baradaran, K., Berry, P. (2008). “Changes to an Approved Product:
Chemistry, Manufacturing and Control”, Regulatory Focus, Dyax
Corp., www.raps.org/WorkArea/DownloadAsset.aspx?id=4045.
57
	EMA, (2012). Questions and Answers on Post Approval Change
Management Protocols, Committee for Medicinal Products
for Human Use (CHMP), www.ema.europa.eu/docs/en_GB/
document_library/Scientific_guideline/2012/04/WC500125400.pdf.
58
	Van Buskirk, G. A. et Al. (2014). “White Paper: Best Practices…”, p.
668.
59
	Mulenbach, S. et Al. (2013). “The Authorization of Non-Biological
Complex Drugs (NBCDs)... p. 205.
60
	Shaw, S. J., Hartman, A. L. (2010). “The Controversy Over Generic
Antiepileptic Drugs”… pp. 82.
61
	Desmarais, J. E., Beauclair, L., Margolese, H. C. (2011). “Switching
from Brand-Name to Generic Psychotropic Medications: A
Literature Review”, CNS Neuroscience & Therapeutics, Vol. 17, p.
751.
62
	Liow, K., et al. (2007). “Position statement on the coverage of
anticonvulsant drugs for the treatment of epilepsy”, Neurology, Vol.
68, p. 1249.
63
	Johnston, A., Stafylas, P., Stergiou, G. S. (2010). “Effectiveness,
safety and cost of drug substitution in hypertension”, British
Journal of Clinical Pharmacology, Vol 70, No. 3, p. 320, www.ncbi.
nlm.nih.gov/pmc/articles/PMC2949902/pdf/bcp0070-0320.pdf.
64
	Holmes, D. R. Jr., Becker, J. A., Limacher, M. C., Granger,
C. B., Page, R. L. 2nd, Sila C. (2011). “ACCF/AHA 2011 health
policy statement on therapeutic interchange and substitution…”;
Sabatini, S., Ferguson, R. M., Helderman, J. H. et al. (1999). “Drug
substitution in transplantation…
65
	Desmarais, J. E., Beauclair, L., Margolese, H. C. (2011). “Switching
from Brand-Name to Generic Psychotropic Medications: A
Literature Review”, CNS Neuroscience & Therapeutics, Vol. 17, p.
752.
66
	Pope, N. D. (2009). “Generic Substitution of Narrow Therapeutic
Index Drugs”, Vol. 34, No. 6, (Generic Drug Review Supplement),
pp. 12-19, www.uspharmacist.com/content/s/78/c/13854/.
67
	See: North Carolina Board of Pharmacy, Frequently Asked
Questions for Pharmacists on NTI Drugs, http://www.ncbop.
org/faqs/pharmacist/faq_NTIDrugs.htm; Pennsylvania Generic
Substitution Law, https://apps.health.pa.gov/pdf/ddc/newNTI2015.
pdf.
68
	Paveliu, M. S., Bengea, S., Paveliu, F. S. (2011). “Generic
Substitution Issues: Brand-generic Substitution, Generic-generic
Substitution, and Generic Substitution of Narrow Therapeutic Index
(NTI)/Critical Dose Drugs”, Maedica, Vol. 6, No. 1, p. 57, www.ncbi.
nlm.nih.gov/pmc/articles/PMC3150029/pdf/maed-06-52.pdf.
69
	See: Yu, L. X. (2011). Quality and Bioequivalence Standards for
Narrow Therapeutic Index Drugs, GPhA Technical Workshop,
Center for Drug Evaluation and Research , FDA, www.fda.
gov/downloads/Drugs/DevelopmentApprovalProcess/
HowDrugsareDevelopedandApproved/ApprovalApplications/
45
46

AbbreviatedNewDrugApplicationANDAGenerics/UCM292676.pdf.
	See: Pugatch, M., Torstensson, D., Laufer, M. (2014). Developing
a Culture of Pharmacovigilance: Towards International Best
Practices.
71
	Department of Health and Human Services(HHS) , Supplemental
Applications Proposing Labeling Changes for Approved
Drugs and Biological Products, www.reginfo.gov/public/do/
eAgendaViewRule?pubId=201604&RIN=0910-AG94.
72
	RAPS, FDA’s Punt on Finalizing the Generic Drug Labeling
Rule: Experts Debate, 19.6.2016 http://raps.org/RegulatoryFocus/News/2016/05/19/24977/FDA%E2%80%99s-Punton-Finalizing-the-Generic-Drug-Labeling-Rule-ExpertsDebate/#sthash.vVTdw21u.dpufhttp://raps.org/Regulatory-Focus/
News/2016/05/19/24977/FDA%E2%80%99s-Punt-on-Finalizingthe-Generic-Drug-Labeling-Rule-Experts-Debate/.
73
	The European Commission Regulation No. 198/2013 of 7 March
2013 on the selection of a symbol for the purpose of identifying
medicinal products for human use that are subject to additional
monitoring, OJ L 65, 8.3.2013, pp. 17-18, http://ec.europa.eu/
health/files/eudralex/vol-1/reg_2013_198/reg_2013_198_en.pdf.
74
	FDANews. (2014). Pharmacovigilance Efforts Showed ‘Positive’
Results last Year, www.fdanews.com/articles/164304pharmacovigilance-efforts-showed-positive-results-lastyear?v=preview.
75
	Gaffney, A. (2013). New EU Labeling Requirement Adopted, Some
Novel Medicines to See ‘Black Triangle’ Symbol, Regulatory
Affairs Professionals Society, www.raps.org/regulatoryDetail.
aspx?id=8175.
76
	Crommelin D. J. A. (2014). Challenges for Non-Biological Complex
Drugs (NBCDs), FDA Public Hearing May 16, 2014, Silver Spring,
Non Biological Complex Drugs Working Group, www.fda.gov/
downloads/ForIndustry/UserFees/GenericDrugUserFees/
UCM398889.pdf.
77
	FDA, Facts about Generic Drugs, www.fda.gov/drugs/
resourcesforyou/consumers/buyingusingmedicinesafely/
understandinggenericdrugs/ucm167991.htm.
78
	FDA, Generics, www.fda.gov/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/
ucm064995.htm.
79
	Conner, D. P. and Davit, B. M. (2005). “Bioequivalence and
Drug Product Assessment, In Vivo” in Generic Drug Products
Development: Solid Oral Dosage Forms, Shargel, L. and Kafner,
I. (Eds.), Marcel Dekker Publishing Inc., NY, p. 244.
80
	Yu, L. X. (2011). Approaches to Demonstrate Bioequivalence
of Narrow Therapeutic Index Drugs, Advisory Committee
for Pharmaceutical Science and Clinical Pharmacology,
Office of Generic Drugs, p. 6, www.fda.gov/downloads/
AdvisoryCommittees/CommitteesMeetingMaterials/
Drugs/AdvisoryCommitteeforPharmaceuticalScienceand
ClinicalPharmacology/UCM266777.pdf.
81
	Ibid., p. 11.
82
	FDA, Narrow Therapeutic Index Drugs, www.fda.gov/ForIndustry/
UserFees/GenericDrugUserFees/ucm500577.htm.
83
	Ibid. See also: Yu, L. X. et al. (2013). “Novel bioequivalence
approach for narrow therapeutic index drugs”, Journal of Clinical
Pharmacology & Therapeutics, Vol. 97, No. 3, pp. 286-91
84
	Yu, L. (2008). Question-Based Review for Generic Drugs,
Workshop on Implementation of ICH2 Q8/Q9/Q10 and Other
Quality Guidelines, Beijing, China, December 2-5, 2008, Office of
Generic Drugs, FDA, p. 11, www.ich.org/fileadmin/Public_Web_
Site/Training/GCG_-_Endorsed_Training_Events/APEC_LSIF_
JCCT_workshop_Beijing__China_Dec_08/Day_3/FDAs_Questionbased_Review.pdf.
85
	FDA. (2009). Question-Based Review (QbR) for Generic Drugs…
86
	FDA. (2009). Question-Based Review (QbR) for Generic Drugs:
An Enhanced Pharmaceutical Quality Assessment System,
Center for Drug Evaluation and Research, Office of Generic
Drugs, www.fda.gov/Drugs/DevelopmentApprovalProcess/
HowDrugsareDevelopedandApproved/ApprovalApplications/
AbbreviatedNewDrugApplicationANDAGenerics/ucm120973.htm.
87
	Yu, L. (2008). Question-Based Review for Generic Drugs… p. 25.
88
	GaBi Journal, Non-biological complex drugs and their follow-on
versions, Editorial, 3.6.2016.
89
	Forbes, FDA’s Looming Decision On A Generic To Teva’s
Copaxone Reveals Drug Approval Woes, 7.7.2014, www.forbes.
com/sites/scottgottlieb/2014/07/07/fdas-looming-decisionon-generic-copaxone-from-teva-reveals-drug-approvalwoes/#450908c2657e.
90
	Ibid.
91
	GaBi Online, Non-biological complex drugs and their follow-on
versions, Editorial, 3.6.2016.
70

41

NOTES

	RAPS, Does FDA Need New Authority to Regulate Complex
Generic Drugs?, 1.4.2015, www.raps.org/Regulatory-Focus/
News/2015/04/01/21876/Does-FDA-Need-New-Authority-toRegulate-Complex-Generic-Drugs/.
93
	Ibid.
94
	GaBi Online, Registration procedures for generic drugs in the EU,
5.8.2011, www.gabionline.net/Reports/Registration-proceduresfor-generic-drugs-in-the-EU.
95
	Milmo, S. (2014). “Harmonizing Marketing Approval of Generic
Drugs in Europe”, Pharmaceutical Technology, Vol. 38, Issue 10,
www.pharmtech.com/harmonizing-marketing-approval-genericdrugs-europe.
96
	See for example: Tacu, D. (2012). “Formele generice ale
medicamentelor imunosupresive de transplant – o nouă provocare
în practica clinică”, PRACTICA FARMACEUTICĂ, Vol. 5, Nr. 3-4,
pp. 114-115, http://farma.com.ro/articles/2012.3-4/PF_Nr-34_2012_Art-2.pdf; Κλινικός Φαρμακοποιός.gr, ΓΕΝΟΣΗΜΟ, ΑΥΤΟΣ
Ο ΑΓΝΩΣΤΟΣ, 25.8.2013, https://clinicalpharmacist.gr/2013/08/25/
γενόσημο-αυτός-ο-άγνωστος/
97
	Gelder, T. V. and Gabardi, S. (2013). “Methods, strengths,
weaknesses, and limitations of bioequivalence tests with special
regard to immunosuppressive drugs”, Transplant International, Vol.
26, p. 772.
98
	Yu, L. X. (2011). Quality and Bioequivalence Standards for
Narrow Therapeutic Index Drugs, GPhA Technical Workshop,
Center for Drug Evaluation and Research , FDA, www.fda.
gov/downloads/Drugs/DevelopmentApprovalProcess/
HowDrugsareDevelopedandApproved/ApprovalApplications/
AbbreviatedNewDrugApplicationANDAGenerics/UCM292676.pdf.
99
	Tamargo, J., Le Heuzey, J., Mabo, P. (2015). “Narrow therapeutic
index drugs: a clinical pharmacological consideration to flecainide”,
European Journal of Clinical Pharmacology, Vol. 71, Issue 5, pp.
549-567.
100
	Ibid.
101
Ibid.
102
	Clarck, C. (2013). “Generic narrow therapeutic index drugs”,
Hospital Pharmacy Europe, Issue 70, www.hospitalpharmacy
europe.com/featured-articles/generic-narrow-therapeutic-indexdrugs.
103
Ibid.
104
	Crommelin, D. JA. Et al. (2014). “The similarity question for
biologicals and non-biological complex drugs”, European
Journal of Pharmaceutical Sciences, Vol. 76, p. 12; GaBi Online,
Non-biological complex drugs and their follow-on versions,
Editorial, 3.6.2016; Schellekens, H. et al. (2014). “How to Regulate
Nonbiological Complex Drugs (NBCD) and Their Follow-on
Versions: Points to Consider”, The AAPS Journal, Vol. 16, No. 1,
p. 20.
105
	Crommelin, D. JA. Et al. (2014). “The similarity question for
biologicals and non-biological complex drugs”, European Journal
of Pharmaceutical Sciences, Vol. 76, p. 14.
106
	Canadian Treatment Action Council, (2007). Generic Drugs
in Canada: a Policy Paper, pp. 12-13, www.ctac.ca/uploads/
Position%20Papers/2007%20EN_PP%20Generic_Drugs_in_
Canada_April_2007_FINAL.pdf.
107
	Gelder, T. V. and Gabardi, S. (2013). “Methods, strengths,
weaknesses, and limitations of bioequivalence tests with special
regard to immunosuppressive drugs”, Transplant International, Vol.
26, p. 772.
108
	Health Canada. (2012). Guidance Document: Comparative
Bioavailability Standards: Formulations Used for Systemic Effects,
Health Products and Food Branch, 22.5.2012, p. 6, www.hc-sc.
gc.ca/dhp-mps/alt_formats/pdf/prodpharma/applic-demande/
guide-ld/bio/gd_standards_ld_normes-eng.pdf..
109
	Ibid.
110
	Australian Government, Department of Health, Guidance 15:
Biopharmaceutic studies, Version 1.1, April 2015, www.tga.gov.au/
sites/default/files/guidance-15-biopharmaceutic-studies.pdf.
111
	Tamargo, J., Le Heuzey, J., Mabo, P. (2015). “Narrow therapeutic
index drugs: a clinical pharmacological consideration to flecainide”,
European Journal of Clinical Pharmacology, Vol. 71, Issue 5, pp.
549-567.
112
	McKenzie, E. (2014). Understanding the potential of generic
substitution, Perspective by TELUS Health, www.telushealth.co/
item/understanding-potentialof-generic-substitution/; Sun Life
Financial, (2013). The Next Step in Generic Drug Substitution,
www.sunlife.ca/static/canada/Planadvisor/About%20
Group%20Benefits/Advisor%20communications/Advisor%20
Communications%202012/September/Mandatory%20Generic%20
Sponsor%20brochure%20GRP1756%20E.pdf.
113
	Health Canada. (2013). Policy Statement: Clarifying the appropriate
regulatory pathway for subsequent entry low molecular weight
93

42

heparins, 16.8.2013, www.hc-sc.gc.ca/dhp-mps/brgtherap/applicdemande/guides/lmwh-pol-hfmm-eng.php; Ofosu, F. A. (2012). “A
review of the two major regulatory pathways for non-proprietary
low-molecular-weight heparins”, Thrombosis and Haemostasis,
Vol. 107, Issue 2, pp. 201-214, http://th.schattauer.de/en/contents/
archive/issue/1506/manuscript/17147.html.
114
	Thomson Reuters, Accessing the Japanese Generic
Pharmaceutical Market, http://thomsonreuters.com/content/
dam/openweb/documents/pdf/pharma-life-sciences/case-study/
newport-case-study-japanese-generics.pdf.
115
	Ministry of Health, Labour and Welfare, Notification No. 0331-44
(dated March 31, 2014) of Pharmaceutical and Food Safety Bureau,
Mid-term Plan of the Pharmaceuticals and Medical Devices
Agency (PMDA) *(Provisional Translation), http://www.pmda.go.jp/
files/000198796.pdf.
116
	Kuribayashi, R., Matsuhama, M., Mikami, K. (2015). “Regulation
of Generic Drugs in Japan: the Current Situation and Future
Prospects”, The AAPS Journal. Vol. 17, No. 5, pp. 1312-1316.
117
	Ibid.
118
	Ministry of Health, Labour and Welfare…, p. 13, www.pmda.go.jp/
files/000198796.pdf.
119
	Yu, L. X. (2011). Quality and Bioequivalence Standards
for Narrow Therapeutic Index Drugs, GPhA 2011 Fall
Technical Workshop, Office of Generic Drugs, Center
for Drug Evaluation and Research, p. 22, www.fda.
gov/downloads/Drugs/DevelopmentApprovalProcess/
HowDrugsareDevelopedandApproved/ApprovalApplications/
AbbreviatedNewDrugApplicationANDAGenerics/UCM292676.pdf
120
	Davit, B, M. et al. (2013). “International Guidelines for
Bioequivalence of Systemically Available Orally Administered
Generic Drug Products: A Survey of Similarities and Differences”,
The AAPS Journal, Vol 43., p. 985.
121
	Kuribayashi, R., Matsuhama, M., Mikami, K. (2015). “Regulation
of Generic Drugs in Japan: the Current Situation and Future
Prospects”, The AAPS Journal. Vol. 17, No. 5, pp. 1312-1316.
122
	Salud Mexico, Generics Commanding Pharmaceutical Market
Share, 21.8.2015, http://mexicosalud.com/generics-commandingpharmaceutical-market-share/.
123
	Diario Oficial de la Federación, NORMA OFICIAL MEXICANA
NOM-177-SSA1-2013, QUE ESTABLECE LAS PRUEBAS
YPROCEDIMIENTOS PARA DEMOSTRAR QUE UN
MEDICAMENTO ES INTERCAMBIABLE.REQUISITOS A
QUE DEBEN SUJETARSE LOS TERCEROS AUTORIZADOS
QUE REALICEN LASPRUEBAS DE INTERCAMBIABILIDAD.
REQUISITOS PARA REALIZAR LOS ESTUDIOS
DEBIOCOMPARABILIDAD. REQUISITOS A QUE DEBEN
SUJETARSE LOS TERCEROS AUTORIZADOS,CENTROS DE
INVESTIGACIÓN O INSTITUCIONES HOSPITALARIAS QUE
REALICEN LAS PRUEBASDE BIOCOMPARABILIDAD, www.dof.
gob.mx/nota_detalle.php?codigo=5314833&fecha=20/09/2013.
124
	Chambers and Partners, Global Practice Guides / Life Sciences
2015 / Mexico - Law & Practice, www.chambersandpartners.com/
guide/practice-guides/location/256/7321/1640-200.
125
	RAPS, Similar Drugs in Brazil to Have Same Status as Generics,
16.1.2014, www.raps.org/regulatoryDetail.aspx?id=9835.
126
	Conselho Federal de Farmácia, Medicamentos similares poderão
ser intercambiáveis a partir de 2015, 10.10.2014, www.cff.org.br/
noticia.php?id=2324.
127
	Practical Law, Generics and biosimilars in Brazil: elements of the
industrial policy of the Brazilian government, http://us.practicallaw.
com/3-518-3314?q=&qp=&qo=&qe=#a1026433.
128
	Davit, B, M. et al. (2013). “International Guidelines for
Bioequivalence of Systemically Available Orally Administered
Generic Drug Products: A Survey of Similarities and Differences”,
The AAPS Journal, Vol 43., pp. 979, 982.
129
	Davit, B, M. et al. (2013). “International Guidelines for
Bioequivalence of Systemically Available Orally Administered
Generic Drug Products: A Survey of Similarities and Differences”,
The AAPS Journal, Vol 43., pp. 982-984.
130
	See for example: Ward, L. S. (2011). “Levotiroxina e o problema
da permutabilidade de drogas de estreito intervalo terapéutico”,
Arquivos Brasileiros de Endocrinologia & Metabologia, Vol. 55, No.
7, 429-434
131
	Nicholas, J. M. (2012). “Complex Drugs and Biologics: Policy
Considerations in Brazil”, Pharmaceutical Executive, www.
pharmexec.com/complex-drugs-and-biologics-policyconsiderations-brazil; BioWorld, ANVISA: What’s on Paper Not
Always What’s Practiced, www.bioworld.com/node/209243.
132
	Carráa, A. et al. (2015). “Biological and nonbiological complex
drugs for multiple sclerosis in Latin America: regulations and risk
management”, Expert Review of Neurotherapeutics, Vol. 15, Issue
6, pp. 597-600.

Generic drugs appraisal and approval: departing from the ‘one-size-fits-all’ approach

43

Contact us
Israel Office
10 Hanechoshet St, Tel Aviv 6971072
Tel: +972 3 6299294 Fax: +972 3 6204395
UK Office
88 Sheep Street, Bicester, Oxon OX26 6LP
Tel: +44 1869 244414 Fax: +44 1869 320173
U.S. Office
1101 Pennsylvania Avenue, Suite 6635, Washington, DC 20004
Tel: +1 202-756-7720
E: info@pugatch-consilium.com

Follow us
For more information on our services, to read our research
reports or media coverage and for all the latest Pugatch
Consilium news, please take a look at our online news room
and blog or follow us on social media.
www.pugatch-consilium.com
Twitter@PConsilium

